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Executive Summary

Background

Sedentary behaviours include sitting time at work, reading, sitting while travelling,
computer time and television viewing. Increased sedentary time subgtantially
increase risk of chronic diseagBlamilton et al 2007). This incased risk may be
independent of habitual physical activity levels. That is, the potential negative effects
from so many hours of sedentary activity every day may not be negated by bouts of
moderate to vigorous physical activity a few times a week. In @sirtio the large amount

of epidemiological, basic scientific (both cellular and physiological) and intervention data
about exercise, little is known about the cellular signals, physiological responses and
disease outcomes of prolonged sitting and othezrgady behaviours.

Aims
The aim of the report was to answer the following questions:

1. What is the context for sedentary behaviour in the adult population? For example:
What is sedentary behaviour and how has it been defined/conceptualised?
1 Is sedentarirgs prevalent among adults?
9 How is sedentary behaviour measured?

2. What are the associations between adult sedentary behaviours and chronic disease
and chronic disease risk (and other social factors/behaviours such as productivity,
cognition and food intaky¥?

3. What interventions/environments are effective in reducing adult sedentary
behaviours?

4. What are the recommendations for sedentary time for the adult population?

Methods

Databases of scientific publications and relevant websites were searched fa paper
published from January 1996 to 21 November 2008, a time span chosen to make the
analyses manageable. The search terms and an example strategy are provided at the end
of the methods section. Additional searches on key author surnames were also
undertaken.

What is sedentary behaviour?

Sedentary behaviour should be viewed as a discrete behaviour separate from physical
activity. For this review, activities with a metabolic equivalent (MET, where 1 MET is

! No papers about sedentary behaviour relationship with cognition or worker productivity
were found.



amount of energy used when completely at rest) of feas 1.5 are classified as
sedentary behaviour (Pate et al 2008). Also for the purpose of this review, at least one
indicator of sedentary behaviour had to be measured in some way; for example, time
spent watching television (TV), time spent using a caepor gaming, time spent sitting

at work, and/or time spent reading.

How much time do people spend in sedentary pursuits?

There 1 s a marked | ack of measurement of
nationwide surveys. One measure of sedentahatiour comes from the New Zealand
Time Use Survey, where participants were asked to record time spent watching TV or
videos. Nine out of ten (88%) respondents watched TV, making this the most popular
leisure time activity of New Zealanders. On averaggople watched just under two
hours (1 hour 59 minutes) of TV or videos per day as a primary activity (Statistics NZ
2009).

The only populatiosbased prevalence sample that used an objective measure of
sedentary behaviour is the National Health and NaitritiExamination Survey
(NHANES) 2003/04, which sampled 6329 participants in the USA. Results showed that
children and adults in the USA spent 54.9% of their waking time, or 7 hours 42 minutes
per day, in sedentary behavio(@kéatthews, et a008)

How is sedentary béaviour measured?

Valid and reliable measurement of sedentary behaviour is important. Like physical
activity measurement, sedentary behaviour measurement has usespse|f energy
expenditure and motion sensors to try to understand the degree to wbjh move, or

do not move. Motion sensors probably provide the best option across a range of research
guestions for measuring sedentary behaviours. They are less costly and more portable
than energy expenditure methods, and are not prone to recall psoblgrarienced in
selfreport. They are also likely to be suitable across a range of ages, from young children
to older adults, making comparisons using the same units feasible.

Associations between sedentary behaviour and health

The literature review shasvthere is some evidence that sedentary behaviour may
adversely affect health and health risk. The studies are mainlysgossnal, with a few
prospective studies emerging recently. The first prospective simdige a sample that is
representative ofa general population is the -Y4ar followup of nearly 20,000
Canadians in the Canadian Fitness Survey (Katzmarzyk et al 2009). In this study,
increasing sitting time was associated with highercallse death and cardiovascular
disease death, but notnzar death. These effects persisted independently of physical
activity measures.

2 A study that follows people over time to see if ill health results fraieeehaviours.



Obesity

Out of 51 studies, 38 (29 cressectional and nine prospective) reported significant
positive associations between sedentary behaviour and obesity, 12 reported no
association (10 crossectional and two prospective). No studies showed a negative
association. Taken together, there is considerable evidence that sedentary time is
associated with increased risk of obegigyr seand weight gain in lean people. At this
stage more robust measurement and consistency of measurement across studies is
required. We conclude there is sufficient evidence, both in terms of plausible mechanisms
and epidemiological evidence, that sedentary time is associated with increased risk of
obesityper seand weight gain in lean people, and to alert the public to the risks of high
TV time, occupational sitting and high sedentariness in general.

Metabolic syndrome

Out of 19 crossectional studies, 14 reported significant positive assocg&abetween
sedentary behaviour and metabolic syndrome and five reported no association. No studies
showed a negative association. Taken together we have only a limited amount of
epidemiological evidence, confined to creextional studies, for an assomatiso it is
premature to discuss the magnitude of these effects.

Diabetes

All three reviewed studies (one cressctional and two prospective) reported significant
positive associations between sedentary behaviour and diabetes. No studies reported no
asseiation and no studies showed a negative association. More work needs to be carried
out, but we can conclude that there is some evidence for this link.

Cardiovascular disease and dyslipidaemia

All four reviewed studies (two crosectional and two prospiee) reported significant
positive associations between sedentary behaviour and cardiovascular disease and
dyslipidaemia. No studies reported no association, and no studies showed a negative
association. Although there are only a few studies, there is soidence that sedentary
behaviour is an independent risk factor for cardiovascular disease.

Cancer

On balance the evidence for sedentariness causing cancer is limited. There are few
studies with equivocal results. More evidence is needed before drawamatusions or
making public health recommendations for reducing cancer risk. Certainly there is a
plausible link, with some prospective evidence for some cancers at this stage.

Back pain, bone health, gallstones and mental health

There has been limitedivestigation into other outcomes such as back pain, bone health,
gallstones and mental health. All of the associations reported are inseaissal
studies. More research needs to be carried out to draw conclusions about an effect for
these outcomes.



I nterventions to reduce sedentary behaviour

Few studies have examined interventions to reduce sedentary behaviour. Some studies
have been undertaken within the workplace such as standing work stations, and
interventions incorporating a legpeed treadmil{Levine et al 2008)Workplace sitting

is highly prevalent in most office environments and therefore appears to be a great place
to start intervention. Levine and colleagues substituted a traditiorddgit desk for a

desk that incorporates a lespeed readmill into its design. Instead of sitting it is
possible to walk at 1 to 2 km/h while working on officased tasks such as talking on the
telephone and undertaking computer work.

Within a community setting programmes that encourage or support irtrigise or
moderate activity such as walking and/or use of pedometers (De Cocker et al 2008) may
reduce sedentary behaviour. The 10,000 Steps approach in Belgium samiauO
differential in sitting time at followup in the intervention community compdrto the
control communities (i.e. the intervention community reduced sitting time).

Recommendations and future work

Sedentary behaviours need to be addressed

Although this field is still very much in the development stathere is sufficient
evidenceto suggest that sedentary behaviour is a distinct risk for multiple health
outcomesand that this risk appears to be independent of time spent doing moderate
and/or vigorous physical activityBecause of the lack of measurement of sedentary
behaviour, thee is insufficient evidence to explain the nature of the relationship between
sedentary behaviour and multiple health outcomes, and how much sedentary time is
acceptable. Therefore, more research is required.

It is important to acknowledge the role thigiht activity and habitual movement (e.g.
slow walking, walking around the house/office) may play in health, and especially in
energy expenditure

We recommend:

1. Researchinvestigating doses and levels of sedentary behaviour and the resulting
disease risto inform policy decisions and help develop recommendations and
guidelinesEvidence gaps are detailed in the section below.

2. Policies and Guideline§3overnment agencies suchtas Ministry of Health,
SPARC and Department of Labour consider the ebkedentary behaviour when
developing policies and guidelines.

Disseminating the mesage

The simple message is to fAimove mor e, S i
occur in a variety of different settings including workplaces, primary caragetsport

and recreation, and public health, as well as the wider community.



Evidence gaps
At present there are several gaps in the research literature; filling these will provide
important evidence for policy and action in this area. Research @sontlude:

1 Epidemiology: measuring how sedentary New Zealanders are, trends, and which
population groups have the highest levels of sedentariness

1 Epidemiology: further detailed epidemiological work, especially prospective studies
that incorporate objeate measures to understand the health outcomes associated
with high levels of sedentary behaviour

1 Physiology: further physiological work investigating the effect of sedentary
behaviour on biomedical outcomes related to glucose metabolism and blood lipids.
This will build on research already underway and well reviewed by Hamilton et al
(2007)

1 Environmental influences: investigating the macro and mferg. settingsbased)
environmental fadrs that promote sedentariness.

1 Interventions: researching the ieffcy of environmental rengineering to promote
standing and ambulatory pursuits, which should be both in the broader urban
environment and specific to settings such as workplaces, schools and social settings.

Intervening across settings

Approaches thahvolve changing sedentary behaviour in specific settings are likely to be
effective. We suggest wor kplace and family/
make improvements.

In the workplace many adults spend long periods of time sitting. We gugges
organisations coulddopt the following approaches:

1 Acknowledge sedentary behaviour is a workplace health and productivity issue and
address sedentary behaviour in a systematic way.

1 Provide vertical (or heigkadjustable) work stations for employees tladiow
workers to stand for part of the day while continuing to work at computers and other
office/factory equipment. Treadmitlased work stations could be considered by
workplaces in the future.

T Encourage staff to dwal k ingabduttheawbrkplacewh er e
when communicating with each other rather than using email, phones and seated
meetings.

1 Encourage staff with largely sedentary tasks to take breaks that involve movement of
some kind.

Home environments areften characterised byohg periods of sitting, especially
watching electronic media. At the individual and fathiwh Unau | evel s we su
following interventions may be efféve in reducing sedentariness:

1C



Think of movement as an opporttyp not an inconvenience (e.gark the car a little
further away from destinations, view household chores positively astiastithat
increase energy expenditure).

Reduce TV viewing and recreational screen tiPweferably less than two hours a
day, the less screen time the better.

Walk, cycle or use public transport to commute and move about. Minimise car and
motorcycle e, and consider céree days.

Be active in as many ways as possible. If you fidget, or like to pace while talking on
the phone, keep doing so.

As a family, look for ways to modify your household environment to increase
movementand minimise sitting timge.g. household computer stations could be
modified to allow standing at computers).

Laboursaving devices are not essential household items, manual tasks help to
contribute to higher energy expenditure.

When participating in recreation and hobbies, carsidow you can reduce
sedentary behaviour associated with that recreation and hobby.

When socialising with friends, consider apts that include movement (egrab a
coffeeto-go and walk while you socialise).

11



1. Background

1.1 Introduction

Sedentary behaviours include sitting time at work, reading, sitting while travelling,
computer time and television (TV) viewing. TV viewing has been the focus of many
studies which show that watching TV is associated with increased body vesight
obesity in children. The strongest evidence explaining the relationship was through an
adverse effect on dietary intake rather than from displacement of alisilor, Sragg,

& Quigley, 2005) This report moves beyond the previous Agencies for Nutrition Action
report titled Does Watching Television Contribute to Body Weight and Obesity in
Children?in which the association between obesity and TV watching among children
was examined. Here we investigate the relationships between all forms of sedentary
behaviours (rather than just watching TV) undertaken by adults (rather than children) on
multiple outcomes of chronic disease (rather than just body weight).

Like increasedphysical activity, decreasing time spent in a sedentary state is of
significant interest to government given the many positive health and wellbeing outcomes
that can accrue from reduced sedentariness. Reducing sedentary behavior requires equal
attention & both the government and local community levels to help improve the health
and wellbeing of adults, similar to the importance of regular activity as reflected in:

fgover nment policy (e.g. t he Healthy Eatii:H
(Ministry of Health 2009)

programmes (e.g. SPARCG6s Push Pl ay)

investment approaches (the level of investment in organisations that promote

activity)

the numerous commun#gvel physical activity initiatives that currently exist

the level of investment in organisat®that promote activity (SPARC 2009).

il
il
il
il

Other reviews have already identified the significant benefits to both adults and children
from physical activity S Department of Health and Human Services 200@sented
various approaches to increase activitygter et al 2005), quantified the global burden of
chronic disease attributable to physical inactivity (Bull 2004) and underpinned the
development of setting physical activity guidelines for ad(itaskell & Lee, D07;

Saris, et al., 20035uch reviews of physical activity complement this work on sedentary
behaviours in adults.

However, these physical activity reviews can often confuse sedentary behaviour issues
by:
T defining individual sdo aottaké paet thearparteculay 6 wh e n
level of moderatdo-vigorous physical activity
scantily covering measured sedentary behavior
implying time spent in sedentary behaviour is directly related te s§pent being
physically active.

T
T

12



T using the tlegr msnaftghwsiocalnd fAsedentaryo

specific definition of either
1 making recommendations that could be wrongly taken to be about measured
sedentariness despite the above issues.

Sedentary behaviour sits within a broad set of influgnee&l because sedentary
behaviours may occur across several dimensions, these influences and relationships
between them may be complex and mldtiel. The Scientific Committee members have
developed an ecological model based on their past experience,inedmbith
information gained from this review process. The model describes how adult wellbeing
outcomes are influenced not only by immediate factors such as sedentary behaviours, but
also by more distant factors such askvorl i f e bal ance, physical
and societyodos expectations for how adul ts

Understanding the sequence of events that cause sedentary behaviour and understanding
what works to make adults less sedentary depends on the tredaoretdel underpinning

the work. The model we have developed reflects how sedentary behaviour can impact on
multiple outcomes within a wider community context, as shown in Figure 1. The areas
shaded in light yellow are covered by this literature review. fldmaework conveys the

notion that what happens in one environment influences, and is influenced by, what
happens in another. The Scientific Committee members understand that sedentary
behaviours are likely to be unevenly distributed throughout societyhandome of the

causes of these behaviours may be structural. The review presents the findings as one part
of the evidence about sedentary behaviours.

Cdmmunity and
demographic factors Communi W

" -
Fitrmisty prodin SV IvaRon

E Intermediate =
Agm prafile characteristics S
e T l"",“'” Badontary behaviours Vierk "mw"”__mnm
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Figure 1:
Model of determinants of sedentary behaviour and outcomes of interest

1.2 Am of the report

When deciding the outcomes of interest for this literature review, obesity and overweight
were acknowledged to be key concerns in the current New Zealand context by the
Scientific Committee members. However, other factors such as chree#&sds, worker
productivity and/or cognition and/or mental health outcomes may also be affected by

13



sedentary behaviour. Therefore this review searched for any impact on these factors as
well.

The aim of this report was to answer the following questions:

1. What is the context for sedentary behaviour in the adult population? For example:
1 What is sedentary behaviour and how has it been defioedeptualised?
9 Is sedentariness prevalent among adults?

1 How is sedentary behaviour measured?

2. What are the associatis between adult sedentary behaviours and chronic disease
and chronic disease risk (and other social factors/behaviours such as productivity,
cognition and food intak§?

3. What interventions/environments are effective in reducing adult sedentary
behavious?

4. What are the recommendations for sedentary time for the adult population?

1.3 Defining and conceptualising sedentary behaviour

1.3.1 What are metabolic equivalents?
Metabolic equivalents (METS) express energy expenditure in multiples that are relative

an i ndividual 6s resting met abol i c rat e.

consumption (V@) of approximately 3.5 mL oxygen/kg/minute for an average adult
sitting quietly. An individual performing an activity of 3 METs has a \tree times
higher han that while sitting quietly. Another way to imagine how a MET works is that
the energy used from very slow walking (which has a MET of 2.0) increases-kdje
energy expenditure by 2.0 times more than when seated still (Ainsworth 2000; Levine et
al 2000).

1.3.2 How was sedentary behaviour defined for this review?

For this review, activities with a MET of

et al 2008). Also, for the purpose of this review at least one indicator of sedentary
behaviour hado be measured in some way; for example, time spent watching TV, time
spent using a computer or gaming, time spent sitting at work, and/or time spent reading.

The METSs for sedentary behaviours included in this review are listed in Table 1 and are

thoseof t en descri bed as -infensityMiET Vialoewof » h5te<2Di t y 0.

(where standing equates to 1.8 METs) have not been included in our definition of
sedentary behaviour because ligitensity activity (such as standing) may be important

in closing the energy gap through rexercise thermogenesis and may also have
attributable health benefits. Furthermore, including articles onidtewnsity activity
would have broadened the scope of the review, significantly increased the number of

% No papers about sedentary behaviour relationship with cognition or worker productivity
were found.

14
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papersto be appraised for this review, and potentially reduced content clarity. Other
physical activities are typically <categoris
Amoderateo (3 to 6 MET(daskello&rLeefi2007g or ouso (> 6

Tablel: Behaviours ioluded or nor included in this review

Sedentary behaviours included in this review Behaviours not included in this review
MET Activity MET Activity
1.8 Standing, talking
1.0 Watching TV, lying 2.0 Walking slowly around
down or reclining while house
reading, writing, talking
1.2 Standing quietly in a ling 2.3 Standing at work,

bartending, filing,
duplicating, washing
dishes at home

1.3 Sitting while reading a 3. 31 3. 5| Walking, moderate
book or newspaper pace, for pleasure
15 Sitting while usinga 3.5 Vacuuming

computer, sewing,
typing, light office work,
meetings, reading,
driving, talking and

eating
3.715.0 Sexual activity

4.9 (Moy et al 2006) | Kapahaka
5.0 Walking very briskly
7.0 Jogging (general)

7.1 (Moy et al 2006) | Haka
8.0 Cycling (general)
10.0 Running (10 km/h)
18.0 Running (17.5 km/h)

Source: Ainsworth et al 2000.

1.3.3 The difference between sedentary behaviours, sedentary lifestyle,
NEAT and physical (in)activity

Physical activity

Physical activity isdei ned as fAany bodily movement prod
resul ts i n en(€asmprgen Pawele & Christamsore A98BEscriptions

used i n many physical (i ny)oacari vii ¢ ed esrt tuadri ye sl
have most often been determined from a part
where the participant did not reach a set level of activity. Most of the studies asked
guestions about moderat@vigorous physical activitypehaviours only, and did not

attempt to capture answers about light or sedentary activities. That is why many studies

of physical activity have large proportions of the population who appear to do nothing at

all, registering zero minutes per week of madeto-vigorous activity, and so are classed

as Asedentaryo by those authors.

Aut hors also often use the terms Ainactiveo
there is no difference. Inactivity as defined in this manner is actually the absence of

15



moderateto-vigorous physical activity (Pate et al 2008). Spanier et al (2006) summed it
up nicely when they said most research currently focused on, and measured, what people
arenotdoing (inactive because of lack of moderterigorous activity) rathethan what
peopleare doing (sedentary behaviours).

Non-exercise activity thermogenesis (NEAT)

The class of behaviours that contribute to energy expenditure but fall below usual
measurement of moderaievigorous physical activity are categorised as-ararcise
activity thermogenesis (or NEAT). This form of thermogenesis can account for a
substantial proportion of daily energy expenditure, usually substantially more than the
sum of daily moderateo-vigorous activities (Hamilton et al 2007). NEAT is ad&ted

from a combination of body positions used when taking part in normal everyday
activities (sitting, standing, lying down, but not sleeping), and the transition between
these, plus fidgeting. In terms of the energy gap implicated in the formation and
maintenance of population levels of overweight and obesity, understanding and
increasing NEAT has the potential to significantly add to daily energy expenditure.

Sedentary lifestyle definitions
Many organisations use definitions for sedentary lifestyleslas to that used by the
World Cancer Research Fund, which leave room for confusion, as seen below.

Definitions of fAsedentary | ifestyled u
< 30 minutes of moderate physical activity (equivalent to brisk wgjlkan fewer than 5 days p
week.

< 20 minutes of vigorous physical activity (equivalent to running) on fewer than 3 days per

< 60 MET hours of any combination of activity on fewer than 5 days per week.

1.3.4 Why definitions are important

Researchis hampered

The US Guidelines for Physical Activity say activity less than 3.0 METs does not count
towards meeting the physical activity guidelineksS(Department of Health and Human
Services 2008)Cutoffs such as these are part of the reason why th® fddsearch has
been carried out on sedentary behaviours (METs < 1.5) and the remaining light
behaviours (METs 112.9). These cubffs ignore the cumulative importance of light
behaviours over extended periods of time.

Bennett et al2006) reviewed the different definitions of sedentary behaviours used in

publ i shed physical activity intervention t
definitions makes it difficult to compare trial results o gener al i se findi n¢
comparing sedentary behaviour (sitting time) as measured by an accelerometer, and
categories of activity (i.e. the inactive category) by the slaod longform International

Physical Activity Questionnaire (IPAQ) in a threation study, there was no agreement

between the two measures in terms of identifying sedentary adults. The authors
concluded fisedentary behaviour should be exrg
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and research instead of being defined by lack of iplys | activityo (Rose
2008).

Many reviews by authoritative organisations have referred to and defined sedentary
behavior in a way that is incongruent with current research and has led to ongoing
confusion in sedentary behaviour issues by:

T defni ng individuals as fAsedenttaviggraus based o

physical activity rather than actual sedentary behaviours

ignoring or scantily covering measured sedentary behavior

implying time spent in sedentary behaviour is directly relttetme spent being

physically active

1 making recommendations about sedentary behaviour despite having studied
physical inactivity

T using the terms Ainactived and fnAsedent a
definition of either.

T
T

Impact is underestimated

Spanier et al (2006) concluded that large proportions of populations are inactive already
(under a typical physical activity definition), and that such inactive people cannot
increase their risk of disease byinthecomi ng
lowest category of activity. In fact, such inactive people may be able to substantially
increase their risk of chronic disease by further increasing sedentary behaviours
(Hamilton et al 2007). Hamilton et al argue for inactive people, a high propdaver

90%) of their total energy expenditure is expended through standing arexexmise or

incidental moving around. This is because their total daily energy expenditure is so low

as a result of their lack of exercise and the length of time thelywsthermore, even the

most inactive people (based on physical activity level) stand and move at least one hour a

day, if not for many hours each day. The potential for reducing this time (and increasing
sedentary behaviours) is still incredibly high fioactive people, yet the potential to
become Al ess moderately or vigorously actiyv
the point up by saying:

At he pinnacle of human inactivity is high
continuation of technologi¢aand sociological changes that are progressing

human inactivity. There is therefore a significant potential for future disease

ri sk from people becoming more sedentaryo

Time spent on moderat®-vigorous activity has little bearing on sedenyabehaviour

Based on a large representative sample of US adults, Ford et al (2005) concluded that
spending time on moderate-vigorous physical activity (greater than 150 minutes per

week) had little bearing on spending time on measured sedentary behavidwice

ver sa. Ford et al went on to say: Ameasur.i
measuring sedentary behaviour provide independent measures of the activity spectrum of
individuals and may provide independent information about the riskwfrffut  di seaseo (
613).
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Different determinants and independent risks

As well as being different and unrelated behaviours, physical activity and sedentary
behaviours may have different determinants and independent risks for diseases (Hamilton
et al 2007). h contrast to the large amount of epidemiological, scientific (both cellular
and physiological), and intervention data about exercise, little is known about the cellular
signals, physiological responses and disease outcomes of prolonged sitting and other
sedentary behaviours. For example, the signals of harming the body from too much
inactivity may not be the same as those signals boosting health from sufficient exercise
(Hamilton et al 2007). Similarly, the potential negative effects associated with egtend
periods of sedentary behaviour may not be offset by bouts of modenagorous
physical activity. One recent example of this is deep venous thrombosis (DVT), which is
caused by sitting for long periods and not by lack of modecatéorous activity This

review will identify other outcomes that are differently affected by sedentary behaviour
and physical activity.

Being physically active may not negate sedentary behaviour

Being Aphysically activeo (i .e.-tovigereusi ng a p
physical activity) may not be sufficient to offset the negative effects of other time spent

being sedentary. People who are known to be active according to physical activity
guidelines (e.g. > 2.5 hours per week of modetatagorous physical atvity) can still

have their health affected by being sedentary. For example, Healy et al (2008a) showed

that for healthy Australians who met the guidelines for physical activity, TV viewing

time was positively associated with a number of metabolic righifs and not associated

with others. There was also a doselresponse
when TV watching increased, so did the metabolic risk. For example, for every increase

in female partici pant s#® hobrg/dayto ¢.4Bihous/day;dot e gor y
1.44 hours/day to 2.14 hours/day; to > 2.14 hours/day), waist circumference significantly
increased (1.65 cm; 1.83 cm; 4.22 cm) compared to those in the lowest TV viewing
category (Healy et al 2008a).

1.4 Sedentary behaours and energy expenditure

1.4.1 Contribution of sedentary behaviours and light activities to energy
burned

Time spent stepping (i.e. walking), standing and sitting can vary significantly among
people. Figure 2 below (from Hamilton et al 2007) comparespgeople with differing

activity levels. The top graph shows a person who spends more time standing and in light
activity, whereas the bottom graph shows a person who spends most of their time sitting.

The difference i n theingtmeissignificartt isedent aryo
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Figure2. Comparison of two people's time spent in activities
Source: Hamilton et al 2007
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Figure 3 shows the relative increase in energy expenditure over and above energy
expended from NEAT for a refemce person weighing 70 kg when he/she walks 30
minutes a day, walks 60 minutes a day, or runs more than 35 miles per week (Hamilton et
al 2007). This figure demonstrates that most of the weekly energy expended by a person
from all forms of activity is thiaexpended from NEAT, and that the exercise component

T be it walking for 30 minutes or 60 minutes
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Figure3: Energy expended from different activities
Source: Hamilton et al 2007
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In one stdy of fidgeting in a carefully controlled environment, the results showed that
fidgeting while sitting (54% increase) or standing (94% increase) significantly increased
the energy expenditure of subjects. Alsotheebody mass index (BMI) of the participa
increased, more energy was expended during fidgeting while standing (possibly because
while standing a greater body weight is being supported) but not during fidgeting while
sitting. The authors concluded that fidgeting has the potential to subsyactiattibute

to energy balance (Levine et al 2000).

1.4.2 Impact of laboursaving devices on daily energy expenditure

Examples of labousaving devices include washing machines, dishwashers, escalators

and vehicles. Labotsaving devices reduce energy ergditure when the tasks associated

with such devices replace the dlkhioned way (e.g. driving rather than walking to

work, using a washing machine instead of washing clothes by hand). Lanniirgiséen

et al (2003) investigated the amount of energy eapd using labousaving devices

compared with not using them. Not surprisingly, mechanical -wathing and

mechanical clothew/ashing, driving to work, and taking the lift or escalator removed an
average of 111 kcal p er gyexpenditureovhen measued e 6 s t
against the sum of the more active counterparts. This difference in energy expenditure

was described by the authors as ndAsufficien
bal ance associated wi tisismearly gldntical @ ¢ghé ambunt | nt er e
of energy expended during 30 minutes of brisk walking (117 kcal), and that associated

with the current obesity epidem(glill, Wyatt, Reed, & Peters, 2003)

1.5 The prevalence of adult sedentary behaviour

1.5.1 New Zealand evidence

The |l ack of focus on measured sedentary beh
large nationwide survey#®either the adult National Nutrition Survey of 1997 nor the

New Zealand Health Surveys of 2002/03 and 2006/07 measured sedentary behaviour or

TV viewing for adults. The 2006/07 New Zealand Health Survey asked a question about

chil drends TVadvuiletwsion gT Vo uvti enmoitng. The 2008/ 09
Survey does not have a question relating to TV viewing or other sedentary behaviours.

One measure of sedentary behaviour comes from the New Zealand Time Use Survey,
where participants were askedrézord time spent watchinBVv or videos as one of the
categories. Nine out of ten (88%) respondents watched TV, making this the most popular
leisure time activity of New Zealanders. On average, people watched just under 2 hours
(1 hour 59 minutes) of TVrovideos per day as a primary activity, in addition to a further

48 minutes a day as a simultaneous activity when engaged in some other task, such as
reading, child minding, preparing meals or eating (2 hours 47 minutes total). Overall,
males watched sligly more TV and videos than females: males spent 2 hours 10
minutes as a primary activity watching TV and a further 42 further minutes per day
watching TV as a simultaneous activity (while they were also engaged in other tasks);
females watched 1 hour 49imates per day as a primary activity and 54 minutes as a
simultaneous activity (Statistics NZ 2009).
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5 Average hours per day
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Figured: Average hours per day spent watching TV or video, by priority of activity and age
Source: Statistis NZ 2009

As shown in Figure 4, those who spent the most time watching TV or videos were in the
youngest and ol dest age groups. New Zeal ande
total of around 3 hours of TV or videos daily (as either a primary oul&nmeous
activity), as did those aged 557164. But the
Zealanders in the retirement age group, who spent an average of around 3.5 hours a day
watching TV or vi deos. I n t he i ntyer veni ng
responsibilities and involvement in the paid labour force are greater, less time is spent
watching TV or videos. In addition, a greater proportion of this is done as a simultaneous

activity, often in combination with domestic duties such as caringfoilies.

The above data agree closely with the only other data source available on TV viewing,
which is from the New Zealand Television Br
aged five years and upwards watch TV on average 3 hours and 8 minutes pgv day,

from 2 hours 53 minutes per day in 2007 ( Nev
2009).

In the 2007/08 Active New Zealand Survey, SPARC assessed two indictors of sedentary
behaviour: time spent sitting watching TV, DVDs or videos per day angu@mtime
(excluding work/school time) per day. A sewveay recall was used to assess total daily
time per indicator. The results are yet to be published.

One experimental study (Rush et al 2008) of 29 New Zealand men (10 NZ European, 10

MUor i, 9 Pacific peopl e)-daywdasy wasrkepe(redordikge n i n
15mi nute intervals of activity). The authors
this included time spent lying, sitting and standing as a category, and withirggfof an

average of 18 hours per day of fAstatico it

This was because the purpose of the study was to test the validity of thedag\diary
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method against a gold standard, and was not attempting tondetethe prevalence of
sedentary behaviour.

1.5.2 International evidence

A number of studies have attempted to measure sedentary behaviour, using various
methods. These are presented in Appendix 2. Only four studies will be discussed in this
introduction because they used an objective measure of sedentary behaviour, and only
one of these studies contains a large population sample. Many studies reported in
Appendix 2 have used diary and recall methods that have attempted to record/recall a
wide mix of dah, including TV watching, reading, sitting time at work, screen time and
travelling time.

The only population prevalence sample that used an objective measure of sedentary
behaviour is the 2003/04 National Health and Nutrition Examination Survey (NHANES)
with data collected from 6329 (children and adults) in the US. On average, participants
wore the accelerometer for 13.9 hours per day for five days. Results showed that, on
average, participants spentours 42 minutes per day sedentary behavior (agfined

by accelerometer counts below 100 counts/minutag equates to 54.9% of their daily
waking hourgdMatthews, et al., 2008)

Furthermore, the sedentary behaviour of adults increased at every age bracket, from 7

hours 29 minutesfor2029 years, through to 9 hours 17 m
(the most sedentary group). Those aged greater than 50 years had a sedentary level equal

to or higher than that of adolescent boys or girls. Females were more sedentary than

males through yah and adulthood, but beyond 60 years this was reversed. Mexican
Americans were less sedentary than either Blacks or Whites at all age groups.
Interestingly, media time, which is a common proxy measure for sedentary behaviour,
accounted for about half dhe overall time spent in sedentary behaviour by the US

population (Matthews et al 2008).

The authors noted two conclusions relevant to their study. First, using an objective
measure of sedentary behaviour meant the time spent in sedentary behavimganyas
twice that of other singteneasure or medibased assessments of sedentary behaviour.
Secondly, previously described US studies that showed differences of time spent by
specific population groups watching TV did not translate into actual diffesenaaverall
sedentary time between those population groups. For example, previous reports found
that 40% of Black children watch over 4 hours of TV per day, while only 20% of White
children reported that much TV viewing. In the NHANES study, this diffeaid not
translate into objectively measured differences in overall sedentary behaviour between
Black and White childrei they were both equally sedentary (Matthews et al 2008).

Three other studies that used objective measures for sedentary behalgoueported
significant amounts of time spent in sedentary behaviours. Among 169 Australian adults,
57% of their waking hours (waking hours not defined) were spent in sedentary
behaviours. Swedish males (n = 87), Swedish females (n)Er@fish malesr( = 103)
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and English females (n = 155) spent at least 7 hours in sedentary behaviour per day (7
hours 0 minutes, 6 hrs 34 minutes, 7 hours 13 minutes, 6 hours 41 minutes, respectively).
None of these three studies were designed to predict prevalenceenfasgdehaviour,

but they do give an accurate indication of the time spent in sedentary behaviours for these
non-representative samples.

Data of interest from the other studies of measured sedentary behaviours are briefly
described below.

1 In a phone swey of Australian workers, age and job status determined time spent
sitting. Male and female managers (4 hours 44 minutes and 3 hours 24 minutes) sat
longer than male and female whellar workers (3 hours 22 minutes and 3 hours
28 minutes), who sat Iger than male and female blaellar workers (2 hours 22
minutes and 2 hours 46 minutes). Male workers aged less than 30 years reported at
least 50 minutes less sitting time than older age groups (Mummery et al 2005).
1 Forty-three percent of American aduiltstched more than 2 hours of TV per day
according to the NHANES 1999/2000 study (Ford et al 2005).
1 Those with a low level of education and from lawome households were
significantly more likely to watch more than 2 hours of TV per day according to
the US Department of Agricul tureods Conti nu
Individuals survey (Bowman 2006).
fI'n a phone survey of Australian househol
watched more than 2.5 hours of TV per day. Over half watched between2l5and
hours, and just over one in ten watched less than 1 hour of TV per day (Salmon et

al 2000).
1 In a household survey of Dutch workersgardless of sitting time during the day
( Ahi-ggtheetrus empl oyeesodo sat for |l oyger ) , e

slightly between occupational grou@&ans, Proper, & Hildebrandt, 2007)

1 Australian workers (9 hours 24 minutes) sat for up t@ér longer per day than
mothers (3 hours 30 minutes) according to Brown et al 2003. However, the data
were collected using different questionnaires.

1 In the United Kingdom EPIC study, men on average watched 3 hours and 2
minutes of TV per day and women awerage watched 3 hours and 7 minutes of
TV per day (Jakes et al 2003).

1 In an Australian workplace, the average worker sat9fdr hours per day, with
work sitting accounting for just over half of the average weekday sitting time (4.9
hours per day). Timepent watching TV or using a computer at home (1.94 hours
per day) accounted for just over efifgh of total sitting time on weekdays, and
average time spent during travel was 1.2 hours pe(Mgigr & Brown, 2004)

1.6 Perceptions of sedentary behaviour and physical inactivity

1.6.1 Barriers, enjoyment and preference for sedentary behaviour
international data only

Few studies look at why people are sedentarypagh there are many that investigate
why people are physically inactive/active. Because these are discrete behaviours, the
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barriers and facilitators for sedentary behaviour are unlikely to be the same as those for
being physically inactive/active.

A large postal survey of Australian adults assessed sedentary behaviour usingemine

checklist for the past seven days also asked participants about barriers, enjoyment and
preferences (Salmon et al 2003). Siktyee percent of participants reported enjepn

of sedentary behaviours. Using multivariate logistic regression, the variables that
predicted high participation in TV viewing

cost of being physically activeo, wofrk c¢commi
reading and the #Afinanci al cost of being ph
with reading more than 5 hours per week. Wo
barrier to physical activityo wereek. associ at e

For overall leisure time sedentary behaviour the variables that predicted high levels of
sedentary behaviour were the fAweather as a b
a barrier to physical act ipvhiytsyioc,ala nadc t i fve e lyior
commitments and work commitments reduced the likelihood of high participation in
leisuretime sedentary behaviours. Participation in sedentary behaviour does appear to be

related to physical activity barriers, though the autltdsnot probe sedentary issues

separately. The authors concluded by pointing out the importance of both individual and
environmental constructs for any planned interventions (Salmon et al 2003).

1.6.2 New Zealand data on barriers to physical activity

There is something of a paradox in data collected about barriers to being physically

active. A recent survey (the 2003 Obstacles to Action survey funded by SPARC and the

Cancer Society) looked at barriers to being regularly active. Interestingly, the main

barriers were a lack of time and being too busy due to work. Given New Zealanders

spend, on average, over 3 hours per day watching TV as either a primary or secondary
activity, and most adults spend considerable time each day traveling in public or private
motorised transport, this seems paradoxical. One of the reasons people appear to have

Aino timeo is that they use so much time to w
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2. Review process

2.1 Goal of the Scientific Committee

The goal of the Scientific Committee is to provide Nevaldad nutrition and physical
activity practitioners with practical evidence summaries about issues of interest to
Agencies for Nutrition Action (ANA) member organisations.

2.2 Topic identification

This topic was identified by the Scientific Committee ansultation with the Chair and

the Executive Director of ANA. Three potential topics were identified, and each was
investigated by a Scientific Committee member using a rapid scan of the potential
literature and by talking with key agencies about the Urse$s of the topic area. The
proposed topic was considered to be relevant to ANA and its member organisations, and
to reflect the professional expertise of members of the Scientific Committee, if it had
sufficient, relevant literature that had not beeriewed elsewhere and was of interest to

key agencies. Discussion was also held with the Ministry of Health, SPARC, the Health
Sponsorship Council and other agencies about suitable topics, and this topic was
endorsed.

2.3 Literature review process
A full description is presented in Appendix 1.
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3. Current reviews of sedentary behaviour

There are a number of recent review papers relevant to this literature review. These are
shown as an annotated bibliography in Table 2. This literature review is not degigne
repeat these reviews but to synthesise them, update the findings and make New Zealand
relevant recommendations. They should be seen as valuable supplemental reading in the
context of this review.

For example, the review by Hamilton et al (2007)k@t very detailed physiological
aspects of the consequences of sedentary behaviour, which is beyond the scope of the
present review. The review by Brown et al (2009) looks at the historical changes in the
way we have studied the health consequences gsiqal activity and sedentary
behaviour. Brown et al remind us that some of the original work in the area by Morris
and colleagues with cardiovascular disease (CVD) risk and CVD mortality was carried
out looking at differences between drivers (long sittimge) and conductors (short sitting
time) on London buses in the 1960s. The review by Pate et al (2008) looks in some detail
at the changing definition of sedentariness, a theme we have followed closely in this
review, and one which has pervaded and cseduNew Zealand health research and
policy over recent years.

Table 2: Abstracts of review articles relating to sedentary behaviour

Author Title Abstract/introduction
(Booth & Cost and This report itemises the costs and seguences of sedentary living, ang
Chakravarthy, | consequences | provides cost reasons to fight a war on sedentary lifestyles. It beging
2002) of sedentary explaining that 70% of US adults are sedentary (undertaking no leist
living: New time physical activity or less than 30 minutes of physical activity per
battleground day), and notes how sedentary living increases the risk of many chro
for an old conditions. (Readers should note Booth and Chakravarthy define
enemy sedentary behaviour in a different way to this literature review.) Next
report defines chronic disease and presentsatagll chronic health
conditions combined, and on several specific chronic health conditio
(coronary heart disease, type 2 diabetes, obesity, olvekited
disorders, and the ageing population). It goes on to examine the cos
sedentary living, inluding mortality costs and economic costs for all
chronic health conditions and for sedentary disorders. After asserting
war on chronic health conditions is not being won, it argues for the n
to be proactive rather than reactive, and to promotegusi prevention.
Finally, it discusses weapons to combat sedesitalyced disease (e.qg.
focusing on cost benefits, promoting advocacy and activism among
professionals associated with physical activity in their occupations, 4
disseminating information tthe general public).
(W. J. Brown, | Stand up, sit This review tracks the evidence and associated recommendatibns
Bauman, & down, keep guidelines for optimal levels of physical activfor healthbenefit. In the
Owen, 2009) | moving: 1950s, early epidemiological studies focusadhe increased risk of
turning circles | CVD and allcausemortality associated with sitting at work. The perioq
in physical from themid-seventies to the turn of the century saw an initial focus
activity the healttbenefits of vigorous exercise give way to moungrglence
research? for the benefits of moderaiatensity physical activityAs daily energy
expenditure in most domains of human actifiitgvel, domestic and
occupational work, and leisure) continteslecline early 21st century
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researchers are starting to téuh circle, with a rekindled interest in the
health effectef sedentary behaviour at work, and indeed in the balan
betweeractivity and sedentariness in all aspects of daily life. Until the
beginningof the 20th century, physical activity was inevitable part of
peopl ebds | i v eesdeavauls,mmolsing hanting and a i |
gathering food, required physiadertion. During the 20th century, the
balance shifted froractive to more sedentary Ifgy/les, with increasingly
prevalentdverse health consequences. Now, at the beginning of the
century, most forms of transport and work are automatedofserl
invol ve | ong per i odwordkfdagsgoiudesi n (
mostly sedentary leise-time pursuits and ligltomestic tasks he
reduction in daily activity is clearly illustrated by compargaga from
two studies. The first, conducted in 2002, was a stiginysical activity
in the 15 EU nations. It reported an averagergy experiture of 24
MET hours per week, which equates to kss 1 hour of moderate
intensity activity each day. The secomals a study in an Old Order
Amish community in Canada, whicéported an average energy
expenditure of 253 MET hours per week almost D hours per day of
activity) in 2004. In this communityhe use of motorised transportatior
electricity and moderoconveniences is banned, and most people work
farms, tillingthe soil with horses, or grow vegetables in family garden
The lifestyle diferences of the participants in these two stuitligstrate
the drastic reduction in total daily energy expendithat is now
occurring in both developed and developing countaed,which is in
turn prompting changes to the ways we ttabkut the bleavioural
epidemiology of physical activity arsgtdentary time.

(Clark, et al., | Validity and Time spent in notccupational sedentary behaviours (particularly TV
2009) reliability of viewing time) is associated with excess adiposity and an increased r
measures of metabolic disorders amoraglults. However, there were no reviews of {
television validity and reliability of assessing these behaviours. This paper aim
viewing time document measures used to assess adults' time spent intiegure
and other non | sedentary behaviours and to review the evidence on their rigiaid
occupational validity. Medline, CINAHL and PsychINFO databases and reference
sedentary from published papers were searched to identify studies in which leis
behaviour of time sedentary behaviours had been measured in adults. Sixty pape
adults: a review| reporting measurement of at least tyye of leisureime sedentary
behaviour were identified. TV viewing time was the most commonly
measured sedentary behaviour. The main method of data collection
by questionnaire. Nine studies examined reliability and three examin
validity for the qeestionnaire method of data collection. Testest
reliabilities were predominantly moderate to high, but the validity stu
reported large differences in correlations of-selinpletion questionnairg
data with the various referent measures used. Togitren future
epidemiological and health behaviour studies, the development of re|
and valid seHreport instruments that cover the full range of leigime
sedentary behaviour was recommended as a priority.
(Hamilton, Role of low It is not uncommon for people to spend dradf of their wakinglay
Hamilton, & energy sitting, with relatively idé muscles. The other halfthie day includes
Zderic, 2007) | expenditure ang often large volumes of neexercise physicalctivity. Given the
sitting in increasing pace of technological chairgdomestic, community and
obesity, workplace environments, modern humanresy still not have reached the
metabolic historicd pinnacle of physical inactivity, even in cohorts where peopl¢

syndrome, type
2 diabetes, and

cardiovascular

already do not perforexercise. The purpose of the review by Hamilto
et al (2007) was to examine the role of sederiahaviours, especially
sitting, on mortality, CVD, type 2 diabetes, rigblic syndrome risk
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disease

factors, anabesity. Recent observational epidemiological studies
stronglysuggest daily sitting time or low negxercise activitjevels may
have a significant direct relationship with eatthese medical concerng
There was a neddr studies talifferentiate between the potentially
unique molecular, physiologicahd clinical effects of too much sitting
(inactivity physiology)eparate from the responses caused by structu
exercise (exercigghysiology). In theory, this may be part because
non-exercisaactivity thermogenesis is generally a much greater
componenbf total energy expenditure than exercise, or because any
of brief, yet frequent, muscular contraction throughoutithemay be
necessary to shecircuit unheahy molecular signalsausing metabolic
diseases. One of the first series of contrdéédratory studies providing
translational evidence for a moleculaason to maintain high levels of
daily low-intensity and intermitteratctivity came from examinatis of
the cellular regulation afkeletal muscle lipoprotein lipase (LPL) (a
protein importantor controlling plasma triglyceride catabolism, HDL
cholesteroland other metabolic risk factors). Experimentally reducing
normalspontaneous standing and anattaty time had a much greater
effect on LPL regulation than adding vigorous exercise traioingp of
the normal level of noexercise activity. These studigso found that
inactivity initiated unique cellular processesre qualitatively different
from the exercise responsssummary, emerging inactivity physiolog
studies are beginning to raise a new concern with potentaligr
clinical and public health significance: the average-exercisingperson
may become even more metabolically unfithe comingyears if they sit
too much, thereby limiting the normally highlume of intermittent non
exercise physical activity in everydife. Thus, if the inactivity
physiology paradigm is provea be true, the dire concern for the futuré
may rest wih growingnumbers of people unaware of the potential
insidious dangersf sitting too much, and who are not taking advantag
of thebenefits of maintaining neaxercise activity throughout muof
the day.

(Owen,
Bauman, &
Brown, 2009)

Too mud
sitting: a novel
and important
predictor of
chronic disease
risk?

Research, policy and practice relating to physical activity and popula|
health has focused on increasing the time adpkad doing moderat®o
vigorousintensity activities; 30 minesa day is generally the target.
However, recent evidence frdsiomarker studies and objective
measurement studies (and diwmm some prospective epidemiological
studies) highlights thienportance of focusing on the balance of light
intensity activitieand sedentary behaviours, particularly the high
volumesof time adults in industrialised and developing counspeEnd
sitting in-exlkReici sk®. S aifn ogoncekro for
this new research agenda is how to approach redacimging up
prolonged sitting time, and how this may relaténcreasing light
intensity and moderatéo vigorousintensityphysical activities. Other
research opportunities include carryg studies on how best to
promote higher volumes of overphysial activity (lightintensity
activities in addition tanoderateto vigorousintensity activities) in the
context othe ubiquitous environmental and social drivers of sitting tin
in occupational, transportation, recreational and domestic settings.
Partiaular concerns for the exercise science research agenda includg
identifying why sedentary behaviour and the associated health
relationships seem to be particularly strong for women, and examini
the effects of interventions for reducing or breaking umgitime. The
issue of too much sitting has challenging implicatimnguture health
care practice and will require the developn@niew kinds of clinical
and public health guidelines.
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(Pate, O'Neill,
& Lobelo,
2008)

The evolving
definition of
fisedent

Learned scholars have associ at ¢
longevity and impaired health for many centuries. Hippocrates wrote
extensively about the befits of exercise for a variety of ailments,
including both physical and mental ilinesses. Claudius Galenus (Galg
whose writings dominated European medicine for centuries, believeq
some form of exercise could be used to treat virtually every disease.
the past half century epidemiologists and physiologists have validate
perceptions of the ancient scholars by demonstrating that persons w|
perform moderate to vigorous physical activity on a regular basis
manifest a plethora of physiological benefind experience reduced rig
of chronic disease and premature mortality. Scientists have also rep
sedentary behaviour is associated with a variety of health risks. How
most studies have not measured sedentary behaviour or differentiate
from light activity. It seems reasonable, therefore, to ask whether stu
to date actually have examined the health implications of sedentary
behaviour, or if they have simply defined sedentary as the absence (
moderate to vigorous physical activity. Althglusedentary, light,
moderate and vigorous activities can be estimated viaeysdit
instruments, the recent development of objective systems for measu
physical activity (in particular, accelerometry) now allows researcher
monitor a wide range aifitensities of activity, including sedentary and
light activity, with considerable precision. The primary purpose of thig
review was to emphasise the distinction between sedentary behavio
the absence of moderatevigorous physical activity. The ng&al
hypothesis was that researchers rarely measure sedentary behaviou
therefore, confound efforts to identify the health effects of sedentary
light activity. The authors noted that, despite frequent claims regardi
the harmful health effects sedentariness, investigators have rarely
measured sedentary behaviour in direct ways. In the future, investigq
should focus as much attention on the lower end of the activity inten
continuum as has traditionally been placed on the higher ehaitof t
continuum, if valid conclusions about the independent effects of eack
activity intensity category are to be made.

Notes: CVD = cardiovascular disease; EU = European Union; HDL =dwghity lipoprotein; LPL = lipoprotein
lipase; MET hour = One METour is the equivalent of the energy expended by the body during one hour of rest.
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4. Measurement of Sedentary Behaviour

4.1 Measurement fundamentals and review

In all areas of health research we seek to understand how the following relate to health
outcmes:

i the amount, ordoser e spons e, of a behaviour (e.
1 physiological measures (e.g. triglycerides, blood pressure)

1 socioedemographic measures (e.g. income level)

1 environmental factors (e.g. the number of TVs in a household).

In each case, valid and reliableeasurement is important. In the broader field of
physical activity and health, measurement of physical activity is important for the
credible development of the field. In the absence of an actual measure of human
movement, researchers and practitionees/eh used selfeport measures (usually
guestionnaires or diaries), indirect measures of energy expenditure (usually indirect
calorimetry), heart rate monitoring, and motion sensors (predominantly pedometers and
accelerometers) to understand human physicality.

Study design, budget and the research question to be answered have also informed the
type of measure used. In the field of physical activity and health, the main weight of
evidence for the benefits of physical activity comes from esessioral and prospective
studies. The vast bulk of these studies rely heavily oprgptirt measures. Importantly,

this method may mean much of the habitual movement we make, including the lower
intensity physical activities that could substitute for sedenbatyaviours, may not be
reported. There is now evidence that seffort physical activity may undeepresent

total daily activity by several orders of magnitytdackay, Schofield, & Schluter, 20Q7)

In other words, actual light and moderate physical activity are not well measured-by self
report instruments and may be underestimated. In contrast, motion sensors such as
pedometers and acceleramrs may be able to capture movement of any intensity.

Because public policy and health recommendations relating to physical activity are based
largely on evidence that does not necessarily reflect actual daily human movement, it is
difficult to fully appreciate what we should be recommending to the public about how
much and how often they should move. The field is now recognising the benefits of
moderate and vigorousntensity physical activities, which are promoted through existing
guidelines, but witlrecent advances in measurement of leilweFnsity activity we now

have a chance to determine actual relationships with sedentary behaviours and whether
guidelines are required.
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4.2 Measurement tools for sedentary behaviour

4.2.1 Existing tools

Like physical activity measurement, sedentary behaviour measurement has used self
report methods, energy expenditure methods and motion sensors to try to understand the
degree to which people move, or do not move. The methods are very similar to those
used for plgsical activity, with some exceptions.

Table 3 shows the sorts of sedentary behaviour measures more often used in
contemporary studies to understand the associations between sedentariness and health;
Tables 4 to 9 (see section 5) include both eeesdional and prospective studies. This is

an important inclusion, because many of the measurements used have not necessarily
been published as staiatbne measurement papers. In other words, to understand the
sorts of methods used to assess sedentary behaw®unust also review not only the
studies devoted to measurement issues, but also the literature around sedentary behaviour
and health in general.

4.2.2 Selfreport measures

Some contemporary physical activity questionnaires have incorporated measures of
gitting and leisurdime screen time. The commonly used International Physical Activity
Questionnaires, both the Short Form (IR&®) and Long Form (IPAQF), incorporate
measures of sitting time, as has the Behavioural Risk Factor Surveillance System
(BRFSS). When determining the quality of a questionnaire, researchers are typically
interested in two construcitsreliability and validity.

Reliability refers to the consistency of the measure; that is, do you get the same result on

repeat administrations dhe instrument? Most of the commonly used measures have
reasonable reliability. For example, Rosenberg et al (2008) showed that both forms of the

| PAQ have adequate testiretest reliability,
physical activityyuesti onnaire to have adequate testrir

Validity refers to the precision of the measure that is used ie can the proposed instrument
return results similar to that of a gedtandard instrument? Validations of sedport
measures are tygally undertaken using convergent validity methods, where the gold
standard (accelerometry using mugimensional motion sensors) is compared with-self
report measures over the same period of time on the same subjects. As you would expect,
sedentary behawrs obtained by seleport typically underestimate the time spent in
sedentary behaviours obtained by accelerometery. Rosenberg et al (2008) found a
moderate association between an accelerometer measure of sedentary behaviour and the
IPAQ-SF (r = 0.33)and the IPAGLF (r = 0.34). Stronger associations have been found
with more detailed selfeport instruments. For example, Welk et al (2001) found
associations ranging from r = 0.72 to 0.95 between Tritrac accelerometry and the seven
day physical activityecall instrument.

Taken together, seteport instruments are useful for understanding population levels of
sitting and other sedentary behaviours. However, we should be cautious about taking
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these as the absolute level of these variables becausaréhkiely to underestimate the

true values. Future work in this area needs to move beyond analysing the data in terms of
simple associations. Bl andtT Altman (1986)
how one variable predicts the other, are criticalcbnvergent validity work. As with

other selfreport behaviour measures in health, the greater the detail collected, the more
behaviour reported, but the greater the negative impact on compliance to the questions
and costs in administering the survey.idttherefore likely selfeport measures will
continue to be dominant in this area of research. This is satisfactory as long as researchers
understand exactly what is being measured and what it predicts.

Time-use surveys may offer a nice way to gain ihsigto the types of activities adults
engage in. This type of approach has been used to a limited extent in adults to gather data
about transport and TV watching and is covered in section 1.5.1 of this review. In
physical activity research, Ridley et @006) have developed tiulti-media Activity

Recall Questionnaire for Children and Adolescents (MARCA). This has potential
application to time use in adults, and certainly future use of such a survey in adults would
give much insight into how we spendrdime, especially in terms of sedentary activities.

The development and/or application of such instruments to the adult population is an
important step in understanding adult sedentary behaviour.

4.2.3 Energy expenditure measures

Measures of energy expditure usually require measurement tools that are expensive
and typically labbased, such as indirect calorimetry. There have been a number of
studies where the goal has been to understand the energy cost of sedentasgwellow
activities. These typesf studies are very useful because they inform estimates of the
health benefits, especially in terms of weight management. Beyond the laboratory these
measures are typically not suitable for measuring-lfu®g activities and have a high

cost.

4.2.4 Moton sensors

Motion sensors probably provide the best option across a range of research questions for
measuring sedentary behaviours. They are less costly and more portable than energy
expenditure methods, and not prone to the recall problems experiencedkreport

tools. They are likely to be suitable across a range of ages, from young children to older
adults, making comparisons using the same units feasible. There have been several
different methods used, as summarised in Table 3. Evidence fosehe different sorts

of sensors in contemporary research is outlined below.

Accelerometry

Accelerometers measure acceleration from (usually) hip displacements during motion
such as walking and other movements. The common models include Actigraph and
Actical, which measure accelerations in a single axis. Other models, such as the Tritrac
and R3, use three axes to measure accelerations. Although intuitively triaxial

accelerometers would appear to integrate more information than uniaxial accelerometers,
there has been little difference noticed in practical physical activity measurement.
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Defining activity based on accelerometer counts has been based largely on arbitrary
thresholds. Counts below 100 per minute have been deemed to reflect sedentary
behaviour. Athough this is arbitrary, it has been a useful threshold. At present these
remain the most practical and widely available units for measuringint@nsity
movements.

The fundamental limitation with accelerometry alone is detecting posture (lying,
starding, versus sitting) and changes in posture. This may be possible, but it is likely this
would require seconbly-second data and algorithms not yet developed to determine
these patterns.

Inclinometers

Recently the use of inclinometers has become popnldhis field. An inclinometer
measures tilt angle. If such a device is attached to the anterior aspect of the upper leg it is
able to understand femur angle (see Figure 5 below). This angle can obviously
discriminate between standing and sitting. Some aefsodan record redime standing

and sitting, transitions to either, and walking. The inclinometer has shown good
reliability and 95% agreement with secemgsecond coding of video and inclinometer
data(Grant, Ryan, Tigbe, & Granat, 2008)he use of inclinometers has not yet become
widespread in this developing field, but as costs are reduced these are likely to become
very popular. The units return simple, valid andfuiséata on sitting, standing and other
activities important to understanding sedentary behaviour.

Figure5: Typical placement of an inclinometer which is able to differentiate standing and sitting time
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Multi -site motion sensaos

Several researchers have developed complex sysidnch integrate sensors across
various parts of the body to measure the complex behaviours that occur-linifigge
activity. Usually the aim is to accurately differentiate between several differesd tfp
behaviours. Recent examples (see Table 3) include the Remote Mobility Monitoring
System (Dalton et al 2007), which uses a sensor attached to the sternum and the thigh to
measure posture. Another recent example is by Levine et al (2008), who usebra se
system attached to a complex body harness that measured activity in several different
planes. A further example is the IDEAA system, which comprises a series of five sensors
linked to a small computer on the waist, which again measures limb and trunk
movements and orientation to correctly classify posture and movement (Zhang et al 2003;
Welk et al 2007). These systems are the most accurate way to measure and understand
human movement of all intensities. However, the cost, availability and user buaten m
them impractical for anything other than detailed studies with small samples.
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Table 3: Measuring sedentary behaviour

Author and year | Study sample Measurement tool(s) Findings (sedentary) | Other findings of interest Limitations
(reference)
Self repat
(W. J. Brown, 185 women, 161 Testiretest r|%agreementand % agreement scores for Only 1 day left between
Trost, Bauman, | men; 18 7 5 vy ¢ phoneadministered surveys: | kappd used to asses§ activity status were good fol assessments. A smaller number
Mummery, & Australia. , i reliability of all 4 sur vey qparticipants for the BRFSS,
Owen, 2004) Active Australia survey (n = | ¢|5ssification of kappa values rangetbin IPAQ, and Australian National
356) activity status as 0.40 to 0.52. Health Survey than for the Active
IPAQ-SF (n = 104) active, insufficiently Australia survey. No report of
active, or sedentary, agreement or kappa values for
PA items in BRFSS (n = 127) but no specific report repeatability of sedentary
. . . of results for classification.
PA items in Australian sedentary
National Health Survey (n = 2
classification.
122).
(Craig, et al., 2721 adultsin 12 | 8 x IPAQ surveys Spear man d d Overall, IPAQ surveys Low and variable associations
2003) countries Tesi r et est r el | sittingtime and produced repeatable data | found for sitting dimension. Use

(Australia, Brazil,
Canada, Finland,
Guatemala,
Netherlands, Japan
Portugal, South
Africa, Sweden,
USA, UK)

IPAQ-SF, 4 x IPAQLF, using
either last 7 days or usual
week of activity.

Criterion: CSA 7164
accelerometer for 7 days in
subsample.

IPAQ-SF and LF includes
guestions on sitting on

accelerometer countg
< 100/min ranged
from 0.07 (Brazil,
IPAQ-SF, usual
week) to 0.51
(Finland, IPAQLF,
last 7 days).

(Spearmanbs |
around0.8). Median p for
criterion validity was 0.30.

of accelerometer count thresholg
as criterion for sitting time
(potential to misclassify
sedentary).

Kappa Value: Kappa value is a chano®rrected measure of agreement between pairs of observers. It reflects the degree of agreepemtictdar physical finding. In general, a high level of
agreement occurs when kappa values are above 0.5. Agreement is poor when kappa values are less than 0.3.
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weekdays and weekend dayg
IPAQ-LF also assessssitting
for transport.

(Ekelund, Griffin,

98 females, 87

IPAQ-SF

Accelerometry: 54%

IPAQ correctly classified

Homogeneous sample (all

& Wareham, males; 20 6 9 vy of registered time of | 77% of respondents as employed, higher adtation and
2007) workplace Sedentary measured by all participants was | sufficiently active. borderline leaner than general
employees; fr'eque'ncy and duration of sedentary. IPAQ population). IPAQ assessed
Sweden. sitting In Iagt 7 Qays. ) sensitivity to capture activity accumulated in énhinute
Sedentary in leisure time insufficiently active blocks while activity intensity
asses;ed by an additional participants was 45% using accelerometer data was st
questlon about average LTPA Self-reported sitting of all minutes of activity at each
in last 12 months: sedentary | {ime was significantly intensity level. Limitations of
2 hours of activity/week correlated with accelerometry as ¢erion.
sporadic MPA (> 2 hours sedentary, classified
MPA/week), sporadic regular by accelerometry (r =
exercise (> 1 0.16, p < 0.05).
| a s t_30min), cDregular
exercise (0 3
lasting O 30
Al nsufficient
considered as not meeting
ACMS/CDC guidelines using
PA level calculate from
IPAQ PA questions
Criterion: Actigraph
accel er ome t600y
min/d using 1 min epochs,
sedentary = < 100 counts/mir
(Macera, eal., 4528 women, 3001| BRFSS screening question | 25% of participants No objective criterion used to
2001) men; 18+ years; considered sedentary determine which approach was

USA.

Participants responding yes t
the following considered

using screening
question but when

most accurate; although the LTH
guestions were considered by th
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sedentary: il
other than your regular job,
did you do any physical
activities or exercises such a
runnirg, callisthenics, golf,
gardening, or walking for
exercise?o0

BRFSS LTPA questions

Those not
min/ day of MP
d/ week or O 2
on O 3 d/ wee
sedentary

acdc

responses to specific
LTPA questions werg
considered, only 159
actually reported no
LTPA in past week

When recommended
PA levels were
calculated, 20% of
those classified as
sedentary by the
screening question
were considered as
meeting the
guidelines.

authors to be the most accurate
depiction of LTPA, it is feasible
that the screening question may
have actually been ost accurate
and the LTPA responses were
hindered by selffeport bias.

(Martinez
Gonzaélez, Lépez
Fontana, Varo,
Sanchez
Villegas, &
Martinez, 2005)

40 women; 34.3
(7.1) years; all
overweight/obese
(BMI range
29. 831
education level,
Spain.

56 .

Spanish PA Questionnaire

Included questions about
number of hours speim
sedentary activities on a
typical weekday and weeken
day (TV watching, sitting in
front of a computer, driving,
total time sitting, sleeping,
sunbathing in summer and
winter, going out with
friends), indicators of activity
at work (standing, housework
work activities more intense
than standing), and number ¢
months every year that each
activity was performed.

Sedentary lifestyle index
calculated based on total
number of hours spent sitting

per week (and corresponding

Mean sedentary
lifestyle index was
61.9 (31.4) hiweek.
Spear manods
correlation of
sedentary lifestyle
index with EE
measured by
accelerometer was
0.42 (95% CI:

0.6570.13)

LTPA correlated with

acceleometer (p = 0.51,

95% CI : O0.

231

Homogeneous sample (female,
obese, low education, Spanish
speaking)
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MET). Compared with
accelerometryRT3) for 3
days in typical week and 2
days in weekend.

(Matton, et al.,
2007)

35 women, 31 men;
48178 yea
Belgium.

Flemish PA Computerised
Questonnaire (FPACQ)

Seltadministered survey
completed on computer; 2
versions of FPACQ: for
retired/unemployed and
employed people.

57190 questio
demographics, occupation
(employed only), transport in
leisure time, TV/video
watching and computer
gameshome/garden activitieg
eating, sleeping, MVPA in
leisure time, sports
participation, and
determinants of PA.

Validated using accelerometr
(RT3) and 7day diary.
Testiretest r
over 2 weeks.

Accelerometer outpulf
was significantly
relatedto time
sleeping (r =

0.5110.
and TV/video
watching and
computer games (r =
0.780.80, p < 0.001)
in men and women.

57,

Compared to
accelerometry,
FPACQ generally
underestimated
sedentary behaviourg

Testiretesg
for sleeping and

TVIvideo/computer
game time was high
(rcc = 0.1

Requires participants to be
proficient in computer use.

(Pettee, Ham,
Macera, &
Ainsworth, 2008)

93 adults; 45.9
(15.4) years; USA.

Reliability of a single
questionnaire item to assess
time spent watching TV for
inclusion in the 2001 BRFSS
Reliability a

T e s test rel@bility
of the item was
moderate (ICC 0.42
and 0.55 over a-3
week and iweek

After adjusting for age and
sex, TV time was positively
associated with BMI,

percentage fat, and LPA, ar
negatively associated with

cardiorespirdory fitness

Selfreport of TV time. Sedentary
measure used 1 item related to ]
time only.
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weeks on 4 occasions. period, respectively).| and MVPA.
(Prochaska, 305 females, 242 | Factor analysis of 15 PA item TV time did not Selfreport of PA/sedentary.
Sallis, Sarkin, & | mal es ; 1 8| from 7-day PA recall, correlate strongly Sedentary measure used 1 item
Calfas, 2000) university students,| National Health Interview with any of the other related to TV time only.

USA. Survey, Youth Risk Behaviou items and was treate

Survey for College as a single item. Afte

Populations, Purposes controlling forage,

Walking Questionnaire, TV time was

Exercise Stage of Change, al associated with BMI

1 item on number of hours in females only. TV

spent watching TV on typical| time was negatively

weekday plus weekend day. | associated with VPA

and MPA factors

(Reis, Dubose, | 28 women, 13 men; Occupational Physical Correlation for 22we ek t est T r g Small convenience saple. Some
Ainsworth, 2071 6 3 YA a| Activity Questionnaire sitting/standing on for OPAQ hr/week ranged | participants completed a self
Macera, & Yore, (OPAQ) OPAQ & PArecord [from | CC = 0 | administered PA record and

2005)

Intervieweradministered
questionnaire consisting of 7
items, including sitting or
standing, walking, and heavy
labour; total occupational PA
score in hr/week and
corresponding MET values
calculated.

Tesi retest reld.
over 2 weeks, criterion {@day
Actical accelerometry,-day
occupational PA record),
construct (fitness, % body fat
and convergent (BRFSS
occupational PA question)
validity were assessed.

was r = 0.37.
Convergent validity
of OPAQ to identify
participants who
performed mostly
sitting/standing,
mostly walking, or
mostly heavy labour

at work was
substantial (kappa =
0.71, 95% CI:
0.4910.94)

OPAQ walking was related
to accelerometedetermined
LPA (r = 0.41), MPA (r =
0.41), and total PA (r =
0.44). Correlations between
OPAQ and fitness and %
body fat were low (r =0.17
to 0.32)

others completed an interviewer

completed record (which may
have influenced recall ability).
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(Rosenberg, Bull,
Marshall, Sallis,
& Bauman, 2008)

160 women, 129
men; 35.93 years;
UK, USA,
Netherlands.

Sitting items from IPAQ-LF
and IPAQ-SF

Testiretest r
over 37 days. Criterion
validation using CSA 7164
accelerometer over 7 days: <
100 counts/min considered
sedentary.

Agreement between high
sitting time and classification
of being inactive during
leisure time (no moderate
vigorous recreational or
gardening activities in
previous week)

Reliability of sitting
time was acceptable
for men and women
(range 0. 4
Correlations between
total sitting and
accelerometer
determined sedentary
were significant for
both IPAQLF (r =
0.33) and IPAGSF (r
=0.34). There was n
agreement between
sitting time and being
classified as inactive
using LTPA
questions.

Use of accelerometer count
threshold as criterion for sitting
time (potential to misclassify
sedentary).

(Welk,
Thompson, &
Galper, 2001)

13 women, 20men;
38 57 year
28.6 and 28.0 kg/fn
in women and men,
respectively; USA.

7-day PA Recall

Daily time spent sleeping
(rest), in MPA, hard PA, and
very hard PA reported by
participants, and LPA
calculated by subtracting
reported amounts from 24
hours (PAR1). AMapted
version used where sitting wg
also reported and added to
sl eeping time
(PAR2). Validated using-8
day accelerometry (Tritrac).

Correlation between
rest category on
PAR1 and Tritrac
was r = 0.27 (ns). No
findings specific to

fi r ecatégory using
PAR?2 criteria
reported.

Correlation between Tritrac
and #day PA Recall ranged
fromr=0.72 tor =0.95.

Self-report of sleeping and sitting
were the only measures of
sedentary; no specific

measurement of other sedentary
behaviours.
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Energy expenditure

(W. Brown,
Ringuet, Trost, &
Jenkins, 2001)

7 females (mothers
of children <5
years); 35.1 (1.7)

Portable indirect
calorimetry (Cosmed K4b2)

15 minutes each of sitting,

VO? for sitting = 3.7
(0.43); MET value
for sitting = 1.1

Found that household dutie
were equivalent to MPA,
and pushing strollers had

Small, homogeneous sample.

years; 56.8 (6.6) kg ) ; , (0.12). higher MET values than
166.4 (5.9) cm; vacuuming, washing windows Ai nswor t hius.
Australia. moderate walkig, walking Argued that i
with styoller, grocery classification using
shoppmg. 1<3MET insufficient formal LTPA or
considered LPA TPA may overestimate
levels of inactivity in
mothers due to no
consideration of household
activities.
(Crouter & 24 women, 24 men] Actiheart using standardised | VO? for lying, Mean error (95% prediction

Bassett Jr, 2008)

35 (11.4) years;
USA

group calibration values for
VO?

18 activities split into 3
routines (sedentary/LPA,
LTPA, and household
activities) of 6 activities and
each routine performed by 2
participants. Validated using
portable indirect calorimetry
(Cosmed K4b2).

computer work,
standing, filing
papers, washing
dishes and washing
windows = 0.00
(0.00), 0.01 (0.01),
0.02 (0.01), 0.05
(0.02), 0.08 (0.01),
and 0.15 (0.04),
respectively.

Combined Actiheart
activity and HR
algorithm for lying,
computer work,
standing, filing
papers, washing
dishes and washing
windows = 0.00

intervals) for combined
activity and HR algorithm
for all activities using
standardised group
calibration values versus th
Cosmed VABwas 0.02
kJ/kg/min €0.17, 0.22
kJ/kg/min).
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(0.00), 0.02 (0.02),
0.04 (0.03), 0.05
(0.04), 0.10 (0.05),
and 0.13 (0.04),
respectively

: Significantly different
from Cosmed V&

(Lanningham
Foster, Nysse, &
Levine, 2003)

122 adults over 4
experiments.

2 experinmnm
driving vs. walking.
ADrivingo
women, 21 men; 40
(1) years; 31 (6)
kg/n?

iwal k to
women, 16 men;
197151 yea

(6.3) kg/nf; USA.

Portable indirect
calorimetry (vMax)

ADrivingo: me
EE for 30 minutes.
inwWal k to work

hours of treadmill walking at
self-selected pace.

EE was significantly

|l ower for
wor ko t har
Awal ki ng t

(1.09 [014] kcal/min
vs. 3.62 [0.75]
kcal/min,
respectively).

Investigated EE from other
laboursaving devices in
different samples. Combine
impact of using domestic
mechanisation (driving,
washing machine,
dishwasher, elevator use)
was estimated as 111 kcal/

Different participants used for
walking and driving experiments
Behaviours used were simulated
(i.e. not actually driving or
walking to work).

Walking to work for 2.5 hours
may be unrealistic at a populatio
level, so findings may
overestimate negative efft of
mechanisation on EE (especially
because EE would have increas
linearly with time). No
standardisation of EE across the
different samples by body weigh
or other measure.

(Levine,
Schleusner, &
Jensen, 2000)

17 women, 7 men;
38 (11) years; 58%
overweightobese;
USA.

Indirect calorimetry
(SensorMedics)

EE measured in laboratory
with SensorMedics 229
indirect calorimeter for 60
minutes resting (lying awake)
and 20 minutes each of sittin
motionless in armchair, sitting
and allowed to move (fidget)
naturallywhile remaining

sitting, standing motionless,

Mean (s.d.) EE and
mean % above
resting for activities
was as follows:

restingi 5.4 (1.5);
sitting motianlessi
5.6 (1.6), 3.7%;
sitting and fidgeting
8.2 (2.3), 54%;
standing motionlesk
6.1 (1.7), 13%;

Lab-based activities only.
Sedentary meas\
include TV time, computer time,
etc.
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standing and allowed to movg
(fidget) naturally, and walking
on a treadmill at 3 different
intensities.

standing while
fidgetingi 10.3 (2.9),
94%;

walking 1.6 km/H
13.7 (4.3), 154%;
walking 3.2 km/h
16.4 (5.4), 202%;
walking 4.8 km/h
21.3(7.9), 292%

Aside from sitting
motionless, all
activities were
significantly different
from resting.

(Levine & Miller,
2007)

14 obese women, 1
obese man; 43 (7.5
years; 32 (2.6)
kg/m?; USA.

Indirect calorimetry
(Columbus)

20 minutes each d§ing
motionless; officechair
sitting; standing motionless;
walking at 1 mph, 2 mph, 3
mph; and walking at self
selected speed while working

EE sitting at office
chair was 71 (10)
kcal/h, standing was
82 (12) kcal/h,
walking at self
selected pace and
working was 191 (29
kcal/h.

Increase in EE for
walking and working
over sitting was 119
(25) kcal/h.

Small, homogeneous sample of
obese adults, mostly females.

(Tsurumi, et al.,
2002)

12 women; Japan.

HR, accelerometry and
EMG

HR (Polar Vantage worn at
chest), accelerometry (FA
513G triaxial wristworn
accelerometer) and EMG well
validated using V®

Correlation
coefficients were
0.29, 0.58, and 0.68
for relationships
betveen VG and
heart rate,
acceleration, and

No standardisation/control for
factors influencing IR/EE noted
(e.g. subjects not fasted).
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(TEEM100 metabolic
analyser) for 4 minutes each
of 4 sedentary tasks; 3
involved sitting and touching
2 points on a table alternately
at different speeds and
distances apart, and 1 was
sitting and touching 2 vertical
points on a wall.

deltoid EMG,
respectively

Coefficient of
determination when
employing multiple
regression analysis
with acceleration and
EMG as independent
variables was 0.65.

Motion sensors

(Bouten,
Westerterp,
Verduin, &
Janssen, 1994)

11 men; 23.5 (1.8)
years; BMI 20.5
(1.9) kg/nf;
Netherlands.

Triaxial accelerometer

Accelerometer based on 3
orthogonally mounted uniaxig
accelerometers. Validation of
accelerometry compared with
EE for 3 minutes each of
sitting relaxed, sitting and
writing, sitting with arm work,
alternately sitting andtanding
for 10 seconds each, and
treadmill walking at 5
different speeds

Criterion: V& calculated
using automated respiratory
gas analyser (Oxyconbeta).

Correlation
coefficients for
sedentary ranged
from 0.18 for sitting
relaxed to 0.57 for
sitting witharm
working. The most
accurate predictor of
EE for sedentary
activities was the sun
of the integrals of
absolute
accelerometer output
from all 3
measurement
directions (r = 0.82, p
<0.001).

When all walking and
sedentary activities were
considered, a sing linear
relationship between EE an
accelerometry was found
using the integrals of
absolute accelerometer
output from all 3
measurement directions (r =
0.95, p < 0.001).

No measurement of frde/ing
activities.

(Dalton, Scanaill,
Carew, Lyons, &
Olaighin, 2007)

3 women, 3 men;
81.7 (5.1) years;
Ireland.

Remote Mobility Monitoring
System

Portable unit including
microcontroller board and 2
ADXL203 accelerometers

% difference in
sitting and lying time
measured by
activPAL and
portable unit ranged

Overall % difference in
measures of time in
combined postures of
standing ad walking was
2.9%.

Small, homogeneous sample (frg

elderly).
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(worn at sternum and thigh) t
calculate posture (sitting,
standing, lying, walking, sit
lying [transition between
sitting and lying], undefined)
every second. At Thinute
intervak, portable unit
transmits mobility data to
external server. Accuracy
assessed in 1 subject over 11
hours with directly observed
mobility recorded at Bninute
intervals, then in 5 subjects
over 11 hours each while alsq
wearing the activPAL as the
criterionfor postural
assessment.

from -0.39% to
2.34% for all
participants (overall
difference 2.31%).

(Fruin & Rankin,
2004)

Experiment 1:

13 men; 1
years; body fat %
14.4 (4.4).

Experiment 2:

10 women, 10 men;
18135 yea
fat 9% 18.6 (6.7).

USA

Sens&/ear Armband

Collects physiological data
through multiple sensors+2
axis accelerometer, heat flux
sensor, galvanic skin respong
sensor); SenseWear measurg
compared with indirect
calorimetry (SensorMedics
Vmax 229) over 2
experiments.

Experiment 1 (restnd cycle)

2 resting trials at which 4 x
10-minute measures taken
over 3hour period while
subject reclined but remaineg
awake

Mean resting EE
estimated by the
SenseWear armband
did not differ from
the mean indirect
calorimetry measure
(both were 1.3 (0.1)
kcal/min p > 0.65).

Mean measures for
each subject provide
by the SenseWear
armband and indirect
calorimetry were
significantly
correlated (r = 0.76,
< 0.004).

Blandt Al t man

Cycle:

No significant difference
between SenseWear and
indirect calorimetry at any
stage of exercise, although
measurements were poorly
correlated (1

Treadmill:

SenseWear estimate of EE
increased with treadmill
speed but not incline,
significantly overestimated
EE of walking with no grade
and significantly
underestimated EE on the
5% grade.

Laboratorybased experiments
only; no freeliving activity
measurd. Sedentary/resting
measure was for lying only; no
sitting, computer, TV time, etc.
was assessed.
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Exercise: cycle ergometer at
60% VO™for 40 minutes.

Experiment 2 (treadmill);

Treadmill walking for 30
minutes at 3 intens#s).

showed good
agreement between
the two measures for
average resting EE
(95% LOA =-
0.1710.20

SenseWear estimate
from the 2 resting
trials had high
reliability (r =
0.8710.914
days, and r = 0.93 for
average of 4
measures withi a
trial).

Agreement between
resting trials was high
(95% LOA =-

0.0710.10

(Godfrey,
Culhane, &
Lyons, 2007)

3 women, 7 men;
24.9 (1.69) years;
Ireland

activPAL monitor

Validation of activPAL
measurement of time spent
sitting, standing, and stepping
compared with criterion
accelerometebased system (}
Analog Devices ADXL202
attached to sternum and thigl
and connected with a data
logger, sampling &0 Hz and
data analysed using Matlab
software) over 6 hours.

Overall mean (min,
max) % differences
for time spent sitting,
standing, and
stepping were 0.06
(0.02, 0.30), 0.50
(0.09, 4.28), and 1.64
(0.34, 3.03),
respectively.

Small, homogeneous sample
(young ablebodied adults).

(Grant, et al.,

6 females, 4 males;
43 (10.6) years; 1.7

activPAL monitor

Inter-device

reliability ICC for all

Lab-based activities only. Small
convenience sample of umsity
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2006) (0.1) metres; 73.7 | Reliability: 3 separate activities was > 0.99, workers.
(10.1) kg; Scotland.| monitors used simultaneously with the exception of
on each participant walking/upright in
Validity: video observation of ivg_ %:i)éy tasks (ICC
standing, sitting, and walking
at selfselected speed, and 6 | Mean % difference
everyday tasks (randomly between activPAL
allocated from a list of 19 and obseration was
tasks) for 271]0.27% for time
i 0,
Observers coded whether szﬁ)tr:r?g t104%/§f/8rf or
sitting, standig, or walking; standi’ng, and2.0%
results compared with for walking.
activPAL output using
Bl andtT Al t man Overall agreement fo
secondby-second
analysis of observer
and monitor
classifications was
95.9%.
(Levine, 6 women, 5 men; | Non-fidgeting NEAT The measurement of Freeliving activities not assesse(
Melanson, 34 (5) years; BMI , nonfidgeting NEAT Small sample.
Westerterp, & | 23 (3) kg/n%; USA. | NEAT deteminedasa | o 5 ccolerometry,
Hill, 2001) combination of body position EE, and

(sit, stand, lie down,
transition) derived using
inclinometers (Crossbow
CXTAO02) attached laterally tg
thigh and trunk. EE calculate
using SensorMedics 229
metabolic cart, and body
motion quantified using
Tracmor tiaxial acceleromete
worn at the lumbar spine
(enabling distinction between

standing and walking for

inclinometers
accounted for 85%
(9) of total NEAT
measured in the roon
calorimeter

The intraclass
correlation
coefficients for
calculated non
fidgeting NEATand
wholeroom V&
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inclinometer data).

Criterion: VO calculated
using wholeroom calorimetry

Fidgeting NEAT using
accelerometer outputs

Tracmor accelerometer
outputs whilesitting, standing
and lying down.

were 0.86 (95% CI
0.56, 0.96, p = 0.05)

Tracmor output for
non-ambulatory
activities explained
approximately 50%
of the variance of
unaccountedor total
EE.

(Welk, McClain,
Eisenmann, &
Wickel, 2007)

17 women, 13 men;
24.9 (6.1) years;
BMI 25.9 (5.6)
kg/m?; USA.

MTI Actigraph and
SenseWear Pro Il Armband

Validation of monitors (and
comparison of 5 acceleromet
threshold values for MVPA
and 2 equationfor
SenseWear Armband) in 1 da
of freeliving activity using
IDEEA EE and PA estimates
as criterion.

No significant
differences found
between IDEEA and
SenseWear armband
measurements of
lying, sitting, or
standing.

All MTI measures
(using various
threshotls)
significantly different
from IDEEA for
lying and sitting but
not standing.

EE estimates from various
MTI equations varied
considerably

Lowest errors in estimation
of time spent in PA were
found for new SenseWear
equation and MTI threshold
of 760 counténin for
MVPA.

Small, homogeneous sample.

(zhang, Werner,
Sun, PiSunyer,
& Boozer, 2003)

43 women, 33 men;
13172 yea
24.7 (4.4) kg/rh

USA

IDEEA

5 small sensors attached to t
chest, thighs, and feet, and 2
g microcomputer worn on a
belt.

Analyses iclude
identification of 22 postures
(including sitting, standing,

reclining, leaning, and lying

Overall average of
correct identification
of postures was 99%

Reclining was the
most difficult group
to identify (96%);
lying down, sitting,
standing, and leaning
were all accurate to >

Gaits were correctly
identified at an average rate
of 98.5%.

Average accuracy of speed
estimatiao of walking and
running was 100%.
Measurement accuracy wag
not significantly affected by
age or sex.

Postur al
allow for EE while seated but

moving (e.g. typing).
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down); 5 limb movements,
and gait analysis during
walking and running, and
calculation of duration,
frequency and PA intensity.

Lab-based testing involved
participants holding each
posture and limb movement
for 10 seconds, and gait
analysis testing on a @detre
track and flight of stairs (48
steps).

99%.

Limb movement
without locomotion
was correctly
recognised at averag
rate of 99%.

(Zhang, Pi
Sunyer, &
Boozer, 2004

Mask calorimeter
test:

17 women, 10 men;
33.7 (13.8) years;
BMI 24.8 (4.8)
kg/n?.

Respiratory
chamber test:

5 women, 5 men;
32.9 (12.4) years;
BMI 26.1 (5.6)
kg/n'.

USA.

IDEEA

5 small sensors attached to t
chest, thighs and feet, and 2(
g microcompter worn on a
belt.

Validation of IDEEA EE
estimation compared with
indirect calorimetry (using
non-portable mask calorimete
and respiratory chamber
calorimeter).

Mask test: 4 minutes each of
sitting, standing and lying
down, and walking and
running teston a level
treadmill.

Chamber test: 23 hours in
chamber including 3 exercise
sessions of walking or runnin

Mask test:

Overall accuracy wag
98.9 (6.0)%.
Accuracy was not
significantly affected
by age, BMI, weight,
or height, but was
significantly lower n
men than women.

Chamber test:

Overall accuracy wag
95.1 (2.3)%.
Accuracy was not
significantly affected
by sex, BMI, time of
day, weight or height

No results reported specifically

related to sedentary behaviours.

EE from arm movements not
assessed WittDEEA
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Notes: BMI = Body Mass Index; BRFSS = Behavioural Risk Factor Surveillance System; ClI = confidence interval; EE = EnaditpEe@eMG = Electromyogram; HR =
Heart Rate; ICC = Intraclass Correlation ; IDEEA = Intelligent Device for Energy Bipes and Activity; IPAQ = International Physical Activity Questionnaire ; IPIX&=
International Physical Activity Questionnaird.ong Form; IPAQSF = International Physical Activity Questionnair8hort Form; LOA = Low Occupational Activity ; LPA =
Low Physical Activity ; LTPA =Leisure Time Physical Activity; MET = Metabolic Equivalent; MPA =Moderate Physical ActivityAMWTlanufacturing Technology Inc
Actigraph ; MVPA = Moderate to Vigorous Physical Activity; NEAT = Non Exercise Activity Thermagisn@PAQ = Occupational Physical Activity Questionnaire; n.s. = non
significant; p = Probability ; PA = Physical Activity ; r = correlation coefficient; TPA = Total Physical Activity; TV =iBaev; VO’ = Oxygen Uptake ; VPA = Vigorous
Physical Activity.
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5. Associations between sedentary behaviour and health

A primary aim of this review is to identify the evidence for associations between
sedentary behaviour and various health risks and health outcomes. Based on an
assessment of the studies that predidevidence about associations, the Scientific
Committee decided how these studies would be aggregated to provide a logical
description of the evidence. These decisions were relatively arbitrary, and the authors
acknowledge there is considerable overlapss some categories. For example, we have

a category for the broad group of health ri
have categories for obesity and for diabetes. We have, however, sought to make these
categories on the basis of sensible gings of the evidence available: obesity, metabolic
syndrome, diabetes, cardiovascular disease and cancer. Tables 4 to 9 summarise our
findings from this review. Appendix 3 provides a more extensive summary of these
papers in annotated bibliography form.

In many of the studies we reviewed there were often weak associations or no association
observed between the sedentary behaviours and health risks/outcomes, either for the
entire sample or for supopulations. We caution against the eiwrgerpretation othese
results. First, the field is only in its infancy and there is a lack of consistent and strong
evidence to draw convincing evidence across a range of domains. Absence of evidence,
however, does not necessarily indicate the absence of an effecahckiad hssociation or

weak association may be due to a number of factors, which may reduce the detection of
effects. Such factors include small sample sizes (especially fopaubations
underpowered to detect effects), homogeneity within samples, wesdsunes of
sedentary behaviours and often only in one domain (e.g. TV watching), and arbitrary
categorisation of both dependent and independent variables.

Despite the limitations of current research, this literature review shows there is evidence
that selentary behaviour may adversely affect health and health risk. The studies are
mainly crosssectional, with a number of prospective studies emerging only recently,
reducing the ability to infer causation. Overall, however, there are still only a fewsstudie
Perhaps the most convincing recent study is thegeb4 followup of nearly 20,000
Canadians in the Canadian Fitness Sur¢iégtzmarzyk et al 2009). In this study
participants selfeported their sitting time into one of five categories. Increasinggitt

time was associated with higher-euse death, CVD death, but not cancer death. These
effects persisted independently of physical activity measures. This is the first prospective
study (a study that follows people over time to see if ill health tedtom earlier
behaviours),which uses a sample representative of a general population and has
measured a very importantlechge r m out come 1T deat h.

Two | ar ge Us prospective studi es (t he Nur
Prof essi owpa$Stedginvéstightédahe impact of both physical activity and

various sedentary measures on a range of health outcomes. Both studies show evidence

that TV viewing and increasing sitting time are associated with increased risk of obesity
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(Hu et al 2003) and diabet€Hu et al 2001, 2003) and gallstonesiizmannet al 1998;
1999).

5.1 Obesity

Among 50 studies, 38 (29 cressctional and nine prospective) reported significant
positive associations between sedentary behaviour and obesity, and 12 reported no
associdon (10 crosssectional and two prospective). Zero studies showed a negative
association (see Table 4). Overall, there was considerable evidence that sedentary
behaviour is associated with increased weight in adults. dlmest certairsedentary
behavour has no positive health outcomes related to weight. Studies have typically been
focused on TV viewing as the measure of sedentary behadbaut 2 hours per day is

the point at which associations start to be identified, but with considerable vammation
measurement and analyses. Several studies have showed a positive association between
TV and weight, independent of physical activity levels (Elgng et al 1996; Gile€orti

et al 2003; Healy et al 2008a; Liebman et al 200@her studies of more dn 4 hours of

TV per day have shown associations with increased obesity risk (Sidney et al 1996;
Vioque et al 2000). For example, Sidney et al reported TV viewing of more than 4 hours
per day was associated with odds ratios for being obese ranging fram 2.5 across

race and sex groups. Viogue et al reported the odds of being obese were 30% higher for
each additional hour spent watching TV per day.

The sedentaryiweight association has been
Self-reported ocagpational sitting was associated with increased obesity risk in Australian
males but not in females (Mummery et al 2005) and leisore sitting was associated

with overweight by Proper et al (200/chmidt et al (2008) also found differential
associatias by sex: in males, TV viewing was not associated with weight but sitting was;

in females the opposite was shown, whereby TV was associated with weight but sitting
was not.

Others have considered weight gain prevention. For example, Ball et al (2002dsho
Australian females with a moderate to high amount of sitting were less likely to maintain

wei ght at foup (OBRrsoO. 80]j 1 W% CI : 0. 7010.

found females were less likely to gain weight if readentary, but this effegtas only
observed for normaleight people. Brown et al (2005) also observed weight gain in
females with increased sitting time: women after five years who sat more than 4.5 hours
per day were more likely to gain over 5 kg during that period.

A number @ studies found males show less evidence of an association than females when
TV time is considered. The opposite is observed for total sitting time and occupational

sitting time, where males seem more likely to show an effect than females. This could be
because of variability between different measures of sedentary behaviour. For example,
TV habits (but not occupation and total sitting time) may have been more homogeneous
and less variable among males, while the opposite may be true for females. In other
words, an effect was detected in females because they had sufficient variation in TV

watching as a group to detect these differences. The same logic applies to occupational
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and total sitting time, with males having more variation, making the detectionedfiean
more likely.

Taken together there is considerable evidence sedentary time is associated with increased
risk of obesityper se and weight gain in lean people. At this stage more robust
measurement and consistency of measurement across studieguied. There is,
however, enough evidence both in terms of plausible mechanisms and epidemiological
evidence to alert the public to the risks of high TV time, occupational sitting, and high
sedentariness in general. The best places, target audieneeggrition audiences and

mix of messages/actions for making specific recommendations about TV time and sitting
are not yet known.

Table 4: Summary of obesity studies and sedentary behaviour

Type of study

Direction of association

Positive None Negative Total
Crosssectional 29 10 0 39
Reference Bowman 2006; Brown et al
Cameron et al 2003; 2003; Crawford
Ching et al 1996; et al 1999;
Crawford et al 1999; Fitzgerald et al
Dunstan et al 2005; 1997;
Fitzgerald et al 1997; Fotheringham et
GilesCorti et al al 2000; Gao et
2003; Gortmaker et al 2007; Jeffery
al 1990; Healy, 1998; Leite and
Wijndaele et al Nicolosi 2006;
2008b; Healy, Mummery et al
Dunstan, Salmgn 2005; Oppert et
Shaw et al 2008a; al 2006;
Healy, Dunstan, Prochaska et al
Salmon, Cerinetal 2000
2008c; Jakes et al
2003; Jeffery 1998;
Kronenberg et al
2000; Leite and
Nicolosi 2006;
Liebman et al 2003;
MartinezGonazalez
et al 1999; Mummery
et al 2005; Oppert et
al 2006; Prochaska e
al 2000; Poper et al
2007; Rosmond 199¢
Salmon et al 2000;
Schaller et al 2005;
Shields and Tremblay
2008; Sidney et al
1996; Tucker and
Friedman 1989;
Tucker and Bagwell
1991; Vioque et al
2000)
Prospective 9 2 0 11
Reference Ball et al 2002; Coakley et al

Blanck et al 2007;

1998; Crawford
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Boone et al 2007; et al 1999
Brown et al 2005;

Chinget al 1996;

Coakley et al 1998;

Hu et al 2001; Hu et

al 2003; Jeffery 1998

Intervention 0 0 0 0
Reference
Total 38 12 0 50

5.2 Metabolic syndrome

Nineteen crossectional studies examining thesasiation between sedentary behaviour
and metabolic syndrome were reviewed. Of the 19, 14 reported significant positive
associations between sedentary behaviour and metabolic syndrome, with the remaining
five studies reporting no associatiafero studiesshowed a negative associatidrere

were no prospective or intervention studies (see Tabld$)an be seen, there is a
modest number of crosectional studies that assess the association between sedentary
behaviour and metabolic syndrome.

The extento which metabolic syndrome exists as a stalotie diagnosis, or simply as a
collection of risk factors, is hotly debated in the health and preventive medicine field.
There are plausible physiological mechanisms for chronic inflammation and
hyperlipidaenia through high levels of sedentariness (Hamilton et al 2007), and evidence
(above) for the increased risk of obesity, which are together likely to increase metabolic
syndrome risk. Further crosectional work in Australia by Dunstan and colleagues has
demonstrated an association between sedentary behaviour and various metabolic
syndrome measurg¢Bunstan, et al., 20022005; Healy et al 2007, 2008a 2008b 2008c).
Taken together, though, we have only a limited amount of epidemiological evidence
confined to crossectional studies, so it is premature tocdss the magnitude of these
effects.

Table 5: Summary of metabolic syndrome studies and sedentary behaviour

Type of study Direction of association
Positive None Negative Total
Crosssectional 14 5 0 19
Reference number Bertrais et al 2005; Bertrais et al

Chang et aR008; 2005; Conus et
Dunstan et al 2004, al 2004;

2005, 2007; Gao et Dunstan et al
al 2007; Healy et al 2004; Ekelund

2007; Healy, et al 2007;
Wijndaele et al Ford et al 2005
2008a; Healy,

Dunstan, Salmon,
Shaw et al 2008b;
Healy, Dunstan,
Salmon, Cerin et al
2008c; Kronenberg
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et al 2000; Li et al
2007; Pietroiusti et
al 2007; Schmitlet

al 2008
Prospective 0 0 0 0
Reference number
Intervention 0 0 0 0
Reference number
Total 14 5 0 19
5.3 Diabetes

Three of 3 stues (1 crossectional, 2 prospective) reported significant positive
associations between sedentary behaviour and diabetes. Zero studies reported no
association and zero studies showed a negative association. There were no intervention
studies (Table 7).

There are few studies looking directly at diabetes incidence and sedentary behaviour.
However, there are two large prospective studies (Hu et al., 2001; Hu et al., 2003) that
identify diabetes as an outcome positively associated with increased sittirgwdik

needs to be carried out, but we can conclude that there is some evidence for this link.

Table 6: Summary of diabetes studies and sedentary behaviour

Type of study Direction of association
Positive None Negative Total
Crosssectional 1 0 0 1
Reference number Dunstan et al
2004
Prospective 2 0 0 2
Reference number Hu et al 2001,
2003
Intervention 0 0 0 0
Reference number
Total 3 0 0 3

5.4 Cardiovascular disease and dyslipidaemia

Four of four studies (two crossctionaland two prospective) reported significant
positive associations between sedentary behaviour and cardiovascular disease and
dyslipidaemia. Zero studies reported no association and zero studies showed a negative
association. There were no intervention stedgz=e Table 7).

As discussed earlier, the prospective Canadian Fitness Survey study shows the best
evidence yet for a link between sitting and cardiovascular mort&ayz(narzyk et al

2009). In this study, the risk of cardiovascular disease (CVD) @ssiyely increased
across higher levels of sitting time. The risk of CVD was 1.54 times higher in those who
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sat the most compared to those who sat the least. Beyond this, Fung et al (2000)
identified an association between sedentariness and hyperlipidaenitee Health
Prof essi o 5tedd colrod. IThisoassociation was independent of physical
activity. Although only a few studies have been done, there is some evidence that
sedentary behaviour is an independent risk factor for cardiovascularediseas

Table 7: Summary of cardiovascular disease/dyslipidaemia studies and sedentary behaviour

Type of study Direction of association
Positive None Negative Total
Crosssectional 2 0 0 2
Reference number Jakes et al
2003; Schmidt
et al 2008
Prospective 2 0 0 2
Reference number Fung et al
2000;
Katzmarzyk et
al 2009
Intervention 0 0 0 0
Reference number
Total 4 0 0 4
5.5 Cancer

On balance, the evidence for sedentariness causing cancer is limited. There are six
studies with equiecal results (see Table 8). However, we should remember that there are
a number of forms of cancer, each with multiple risk factors. This, combined with
different measurement techniques for sedentary behaviour and the limited number of
studies, means morvidence is needed before drawing conclusions or making public
health recommendations for cancer risk reduction. Certainly there is a plausible link, with
some prospective evidence for some cancers at this stage.

The most convincing evidence is from Hodaat al (2008), who looked at colon cancer

in 292,069 males and 196,651 females aged
some evidence that high TV viewing (over 9 hours per day) and high sitting (over 9 hours

per day) was associated with increased colamcer incidence. This effect was observed

for males and females, but the effect disappeared in multivariate (adjusted) models for
females.

Table 8: Summary of cancer studies and sedentary behaviour

Type of study Direction of association
Positive None Negative Total
Crosssectional 0 1 0 1
Reference number Wolin et al
2007
Case control 0 1 0 1
Reference number Zahm et al
1999
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Prospective
Reference number

Intervention
Reference number
Total

3
Colon @ancer
males
Howard et al
2008;Patel et
al 2006; Patel
et al 2008

2 0
Colon cancer

females

Howard et al

2008;

Katzmarzyk et

al 2009

5.6 Back pain, bone health, gallstones and mental health

There has been limited investigation into otbetcomes such as back pain, bone health,
gallstones and mental health. All of the associations reported are inseatssal

studies. More research needs to be carried out to draw conclusions about an effect for

these outcomes. Results for these arsgimed in Table 9.

Table 9: Summary of miscellaneous studies and sedentary behaviour

Type of Study

Direction of association

Positive None Negative
ack pain
Crosssectional 2 0 0
Spyropoulos et al 2007;
Womersey 2006)
Prospective 0 0 0
Total 2 0 0
Poor bone health 1 0 0
Crosssectional Weiss et al 1998 0 0
0
Prospective
Total 1 0 0
Gallstones
Crosssectional 0 0 0
Prospective 2 0 0
Leitzmann et al 1998; 1999
Total 2 0 0
Mental disorders
Crosssectional 1 0 0
SanchezVillegas et al 2008
0
Prospective
Total 1 0 0
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6. Interventions to decrease sedentary behaviour

The notion of intervening solely to reduce sedentary behaviour in adults is a relatively

new concept. Although TV-watchirg reduction has been a common intervention in

children, this seems to have had little translation to working with adults. In the small

amount of research available, the stand t l dea and apiptineadmiolnl i :
d e schngept (McAlpine et al 200 Thompson et al 2007)In these studies, Levine and

colleagues substituted a traditionatditwn desk for a desk that incorporates a-peed

treadmi |l | into its design. |l nstead of Sitti
working on officebased tasks, such as talking on the telephone and undertaking
computer work. This sort of intervention is rightly targeted to workplaces. Workplace

sitting is highly prevalent in most office environments and may therefore be a great place

to start intervenbns. While modest effects were shown in pilot wérkompson, Foster,

Eide, & Levine, 2008)the full feasibility and efficacy of this sort of office environment

are not yet well understood. There are other options for breakitiggstime in

workplaces, such as using heigitjustable desk&chofield, Kilding, Freese, Alison, &

White, 2008) However like treadmill desks, much more work needs to be carried out to
understand the possible health benefits associated with extra standing and therefore
reduced sitting time.

It is also likely that interventions used to increase habitual light and mogdmgdeal
activity, such as pedometbased interventions, will encourage people to decrease
sedentary time.Many of these types of programmes have been run in a variety of
settings, with effective results in terms of increasing overall physical activity a
decreasing a range of health risk factors, including weight (e.g. Sidman et al 2004). Few
have looked specifically at sitting and other sedentary behaviours, but those that have
included a communitgetting approach (De Cocker et al 2008). Incorporatiegl0,000

Steps approach in Belgium saw arBthute differential in sitting time at followp in the
intervention community compared to the control communities. However, thetdamg
efficacy of these programmes for sustaining behaviour change is unknow

We have reviewed a number of studies that purport to be sedentary behaviour

interventions, and many of these are included in Table 10. The main issue is that while
these people sit for long periods, this is not an outcome measure. This sort of research
dominates the academic literature in physical activity and health. It is important that as

we start to understand the importance of both physical activity and sedentary behaviour
as separate constructs, we measure both at baseline and at the end tefaetion

study. We would suggest there are already a large number of successful physical activity
initiatives out in communities, workplaces, schools and other settings that are effective at

both increasing physical activity and reducing sedentary betwavihe problem is we

have simply not assessed the sedentary outcomes to know this.
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Table 10: Interventions to decrease sedentary behaviour

Author, year | Study Assessment of sedentary Assessment of | Intervention Confounders Main outcomes
sample behaviour outcome degription adjusted for /
(reference) limitations
(De Cocker, 866 No sedentary inclusion | IPAQ-LF, Mass media campaign | Confounders Intervention community
De community | criteria applied; measure| pedometer steps | using street signs, pres| adjusted for decreased daily total sitting
Bourdeaudhuij, residents of sitting time taken. (Yamax SW conferences, . time by 12 minutes
Brown, & (440 Self-report of daily sitting| 200);daily advertisements, sale arl A9€. education compared with an increase
Cardon, 2008) | intervention, | time and transpottelated | activity log for 7 | loan of pedometers, level. of 18 minutes per day in
426 sitting time gathered days. website use, workplace| | imitations control community (p =
control); projects, health 0.002)
25175 professionals, schools, | Self-report for _ ,
years; businesses sitting time. In the mtgrven'uon .
Belgium community, total daily
Media messages No actual measure| sitting time decreased more
promoting 10,000 stepg of SES used. in paticipants who
per day,30 minutes per . . increased step countd8
day MPA on glfoe(;r?glsgsgg:ton minutes per day, p = 0.012)
or 20 minutes VPA 3 status, type of than those who did not (no
times per week. work, BMI. or change, n.s.)
speific sitting
behaviours.
(Cramp & 57 Defined as Selfreported PA | Participants randomise{ Confounders Significant treatment effects
Brawley, Apri masedentaryo (7 days PAR), to receive either4veek | adjusted for in frequency and volume of
2006) s e d e n t| less than a daily barrier efficay standard care postnata ) PA over intensive and homé
postnatal | accumulation of mild to | and proximal exercise programme or| A9€; marital status pased phases compared wi
women; moderate PA on 2 or outcome 4-week standard nu_mber of standard treatment (p <
2071 46 | fewerdays per week for | expectations. treatment plus 6 group children, average 0.01).
years; USA. | the past 6 months. mediated cognitive month babies were

behavioural
intervention sessions
and 4week homebased
selfstrudured exercise.

born, breast
feeding and bottle
feeding status

Limitations

Enhanced intervention
increased in barrier efficacy|
and outcome expectations,
and standard care group
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Self-report for
outcome measure

No crossover of
treatment
conditions
conducted.

decreased (p < 0.05).

(Dunstan, et

27 sedentary

Categorised sedentary if

Glycaemic

15-month trial with 2

Confounders

No significant difference in

al., 2006) women, 30 | no strength traimg and <| control (HbA . phases: adjusted for glycaemic control (A1C)
sedentary 150 minutes brisk [ALC)). ) ) change between groups.
men: walking or moderate 1. introductory: 2 Age_, sex, duration _
overweight | exercise per week in the month _Iab of diabetes. Qlyqa}emlc cpntrol _
with type 2 | preceding 6 months. superwsed Limitations 5|gn_|f|_cantly improved in all
diabetes: resistance part|C|pant§ after 2 months
407 80 programme No nontreatment Iatgs_uperwtsed prografrtnmi:2
) and in centre group after -
years. 2 maintenance: control group. month maintegancz
either centrébased | measure used for
or homebased adherene in home | Adherence to exercise
resistance training | pased participants.| Prescription was 68.1 (25.0
213 ti mes and 67.1 (27.1)% in the
for 12 months, No assessment of | centre and homebased
including monthly | change in groups, respectively.
telephone calls. PA/sedentary for
all participants.
Assessments at
baseline, 2 months and| No standardisation
14 months. of exercise
regimes.
(Fidler, etal., |2 No sedentary measure. | Ability to Test of feasibility of Confounders For reviewer 1, the mean
2008) radiologists; reinterpret 100 using walking adjusted for detection rates were 99% fq
USA clinical computed| workstations when walking & 88.9% for

tomographic
examinations
while walking at

computing tomographic
examinations.

Not stated.

Limitations

conventional intgretations
(p = 0.0003).
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1 mphona Comparison of results | 2 participants, For reviewer 2, the mean
walking derived when on relevant to detection rates were 99.1%
workstation walking workstation radiology only. for walking & 81.3% for
(using a with those computed conventional interpretations
treadmill). over 1 year previously; (p < 0.0001).
10 cases reviewed per
session.
(Finkenberg & | 384 Employment role. CHD Periodic evaluation of | Confounders For each year of
etal., 1976) sedentary | Categorised sedentary if| development cardiopulmonary adjusted for participation in the exeras
males; empl oyed dni | (age, serum systems, participant stress test programme, CHI
300 59 deemed a relatively cholesterol, feedback, personal Age (analyses development scores for the
years; USA. | sedentary position> systolic BP, physical fitness repeated for ages | ol group were
haemoglobin, programme prescriptior 30 ! 39, 440 significantly greater than
relative body over 6 year 50159). those in the intervention
weight, smoking, Limitations group.
ECG patterns).
Homogeneous

sample; male,
likely to be White
and high SES,
although these
werenodt g
(working at
NASA).

Sedentary
categorisation
tenuous; no
measurement of
PA outside
workplace.

No measurement/
consideration of
other PA
behaviours,
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demographics, etc,

(Haber & 20 sedentary Categorised sedary if | % of success in | Health contract and Confounders 80% of participants achieve
Rhodes, 2004)| women, 5 selffr eported achieving health | calendar focusing on | adjusted for > 75% of scheduled
sedentary | currently or recently contract goals increasing PA or sessions. 60% of participan
men; older | engaged in an exercise | (calculate by exercise for 1 month, | None achieved 100% of schedule
Caucasian | routine performed 2+ dividing number | In-person counselling | Limitations sessions.
adults; ti mes per w|ofexercise for goalsetting and
557185 |belief that |behaviours contract completion. | Selfreport for
years; USA. | discretionary time was | reported by Teleplone assessment | outcome measure.
spent in Iovs_/energy . participant by aft(_ar week 1. Irperson No longer term
activitieso|number visit at month end. f
scheduled to be gsies_smentho
performed). Se aviour change.
mall,
homogeneous
sample. No control
group.
(Kerr & 103 women, | Studyspecific Questionnaire to | Participants randomly | Confounders No difference in any
McKenna, 78 men; 38 | questionnaire to identify | assess change in| assigned to receive adjusted for outcome measures found.
2000) (10.6) years;| stage of changelTM). knowledge, either standard Health
England. . attitude, self Education Authority | 'None stated.
No specific sedentary | gfficacy, personall i Ac t i ve f o1 Limitations
categorisation, butonly | 565" outcome | campaign or one of fou
those considered pre | oypactancy and | media campaigns No actual
contemplators, TTM stage of | (specific to stage of | sedentary or PA
contemplators or change. change and received vi| measured.
preparers were eligible. internal mail):
11tds fun b
2.Walking makes you
look good
3Dbonét need
look good
4.Walking works.
(McAlpine, 19 sedentary No specific sedentary Indirect No actual intervention | Confounders Stepping increased EE
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Manohar,
McCrady,
Hensrud, &
Levine, 2007)

adults; 27
(9) years; 9
lean, 10
(53%)
obese; USA.

categorisation stated, bu
all participants were
office workers.

calorimetry
(Columbus).

ComparecEE
from 30 minutes
lying motionless,
20 minutes office
chair sitting, 20
minutes standing
motionless, and
15 minutes of
treadmill walking

applied; rather, authors
introduce underdesk
steppers for office
workers to use
intermittently.

adjusted for

Body weight (only
for increase in EE
for obese vs. lean
subjects).

Limitations

Small sample,
intervention not
implemented over
prolonged

above sitting in an office
chair by 289 (102) kcal/h (p
< 0.001).

Increase in EE was greater
for obese than lean subjects
(p = 0.03) only when body
weight was not taken into
account.

at0.5,1, 15, 2, duration; injury
2.5, and 2 mph potential not
with 15 minutes considered.
stepping.
(Richardson, et | 20 sedentary Categorised sedentary iff BETA version of | 6-week randomised trial Confounders No significant difference

al., 2007)

women, 10
sedentary
men;
diabetics

38 71
years; USA.

self-reported less than
150 minutes of MPA at
baseline.

Omron H3720IT
pedometer,
enabling the
recording of steps
accumulated in
10-minute bouts
only or total steps
accumulated (in
addition to
standad
pedometer
facilities).

of automated Internet
based intervention usin
uploadingenhanced
pedometers, including
tailored motivational
messages, tips about
managing diabetes,
automatically calculateq
goals, and feedback
about perfomance
towards goals.

Intervention focus was
either on increasing
total pedometer steps g
number of 18minute
bouts of activity
(recorded by the
pedometer).

adjusted for
n/a
Limitations

Small
homogeneous
sample of diabetic
patients. Limited to
those with regular
email use, access {
a computer with
Internet, Win 200
or XP operating
system, and USB
port.

between groups; combined,
all participants significantly
increased average daily boy
steps by 1921 (2729) steps
(p <0.001), and average
daily total steps by 1938
(3298) steps (p < 0.001).

Compared with 3% at
baseline, 40% of participant
accumulated > 150 minutes
of bout activity during final
week of programme.
Participant satisfaction and
compliance was lower in
thosereceiving the bout
focused intervention.
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(Sidman,

92 sedentary

Categorised sedentary if

Pedometer steps

Participants clesified

Confounders

Women with low baseline

Corbin, & Le | women; scored O 4 (Yamax MLS as low (< 5500/d), adjusted fo steps showed significantly
Masurier, 200 6 5 ACSM/CDC PA 2000). medium (< 7000/d) or , less gal attainment in the
2004) years; USA. | questionnaire (as below) high steps (> 7000/d) | Baseline steps, 10,000 steps goal group.
. from 7-day baseline | {reatment week. .
1. 1 do not exercise or data Limitati Step counts increased after
walk regularly now, and ' imitations goal assignment, but no
do not intend to start in 3-week intervention, 1 | participants self | Significant difference
the near future. telephone call to set reported outcome | between interventions foung
2. 1 do not exercise or stepbased goals; (faxed or emailed
walk regularly, but | have participants randomiseq nedometer steps tg
been thinking of stding. to either 10,00&tep researchers
3. I am trying to start to goal or personal step weekly).
exercise or walk, or | goal.
exercise or walk No report of
infrequently. change in status
4. | am doing vigorous using ACSM/CDC
exercise less than 3 time PA criteria.
per week or moderate
physical activity less thar
5 times per week.
(Strecher, Adults aged | Categorised sedentary if| Behaviour Randomised 2 x 2 No outcomes measured. Th
Wang, Derry, |2 1T 7 0 | sef-reported exercising | change in either | intervention of was a methods paper only,
Wildenhaus, & | who engage| less than 4 times per smoking, computerbased tailored with no baseline data
Johnson, 2002] in 2 or more | week. vegetable intake | print and tele included.
of 3 or PA. counselling
possible risk interventions.
behaviours: . .
smoking, Recelye el_ther:
low generic print messages
vegetable ta!lored print messages
intake, ta|lor_ed telecounselling
sedentary SEssions, or
behaviour. tailored print messages

+ tailored tele
counselling sessions.
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4 treatments over 18
weeks: 2 and 4 weeks
after baseline, 2 and 4
weeks after 3nonth
assessment.

Baseline, 3month and
12-month assessmes.

(Thompson,
Foster, Eide, &
Levine, 20073

25 adults;
USA.

No sedentary measure
taken.

Steps (StepWatc
activity monitor)
accumulated ovel
workdays (9 am
T 4 pm).

Test of walking
workstations in office
based jobs (using
Pacemaster treadmills)

2 weeks usual work
setting (seated), 2
weeks acclimatising to
the walking work
station, 2 weeks using
the walking workstation

Participants increased their
steps dung work hours
from 2200 to 4000 during
acclimatisation (p = 0.01)
and to 4200 during the
walking workstation period
(p = 0.03).

Most participants increased
their steps between 1.5 and
times when the treadmill
was available.

All subjects walked at least
an additional 30 minutes pe
workday.

Notes: ACSM/CDC = American College of Sports Medicine /Centres for Disease Control; BMI = body mass indéso&Ppressure; CHD = coronary heart
disease; ECG electrocardiograph; IPAQ =International Physical ®ityi Questionnaire; MPA = moderate physical activity; n.s. = not significant; PA =
physical activity; PAR = physical activity recall; SES = see@mnomic status; TTM = Transtheoretical Model; VPA = vigorous physical activity.
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7. Recommendations and futue work

7.1 Sedentary behaviours need to be addressed

Although this field is still very much in the development stathere is sufficient
evidence to suggest that sedentary behaviour is a distinct risk for multiple health
outcomesand that this risk appesto be independent of time spent doing moderate
and/or vigorous physical activity.Because of the lack of measurement of sedentary
behaviour, there is insufficient evidence to explain the nature of the relationship between
sedentary behaviour and muléphealth outcomes, and how much sedentary time is
acceptable. Therefore, more research is required.

It is important to acknowledge the role that light activity and habitual movement (e.qg.
slow walking, walking around the house/office) may play in healtid especially in
energy expenditure.

We recommend:

1. Researchinvestigating doses and levels of sedentary behaviour and the resulting
disease risk to inform policy decisions and help develop recommendations and
guidelinesEvidence gaps are detailedthe section below.

2. Policies and Guideline§3overnment agencies such as Ministry of Health, SPARC
and Department of Labour consider the role of sedentary behaviour when developing
policies and guidelines.

7.2Disseminating the message

The simple messge i s to fAmove mor e, sit | esso.
occur in a variety of different settings including workplaces, primary care settings, sport
and recreation, and public health, as well as the wider community.

7.3Evidence gaps
At presen there are several gaps in the research literature; filling these will provide
important evidence for policy and action in this area. Research priorities include:

1 Epidemiology: measuring how sedentary New Zealanders are, trends, and which
population group have the highest levels of sedentariness

1 Epidemiology: further detailed epidemiological work, especially prospective studies
that incorporate objective measures to understand the health outcomes associated
with high levels of sedentary behaviour

1 Physidogy: further physiological work investigating the effect of sedentary
behaviour on biomedical outcomes related to glucose metabolism and blood lipids.
This will build on research already underway and well reviewed by Hamilton et al
(2007)

1 Environmentalinfluences: investigating the macro and micro(e.g., settiaged)
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environmental fadrs that promote sedentariness.

1 Interventions: researching the efficacy of environmentangineering to promote
standing and ambulatory pursuits, which should be hottthe broader urban
environment and specific to settings such as workplaces, schools and social settings.

7.4Intervening across settings

Approaches that involve changing sedentary behaviour in specific settings are likely to be
effective. We suggestavr k pl ace and family/whUnau settin
make improvements.

In the workplace many adults spend long periods of time sitting. We suggest
organisations coulddopt the following approaches:

1 Acknowledge sedentary behaviour is a workplaealth and productivity issue and
address sedentary behaviour in a systematic way.

1 Provide vertical (or heigkadjustable) work stations for employees that allow
workers to stand for part of the day while continuing to work at computers and other
officeffactory equipment. Treadmibased work stations could be considered by
workplacesn the future.

T Encourage staff to fAwalk and tal ko where j
when communicating with each other rather than u